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Depositing Fluid Specim ens on 
giihstirates. Resultin g Ordered Arrays, 
Techniaues for Analysis o f Deposited Arrays 

5 Background of t he Invention 

The invention relates to the deposit upon 
substrates of small quantities of fluid in a precise 
manner and in arrays of desired density and consistency. 
The invention is useful, for instance, in carrying out 

10 reactions, in providing accurate overlays of deposits, 
and, in particular, in preparing microscope slides and 
membranes with biological materials. 

The invention also relates to array products 
produced by the novel deposit techniques and to methods 

15 of analysis that employ the deposit techniques. 

In the field of biochemistry it is desirable to 
accurately and efficiently deposit tens, hundreds, 
thousands and tens of thousands of samples of differing 
compositions on reaction or examination areas. 

20 Improvement in the speed of deposition, the precision of 
the size, shape, quantity and location of the deposits 
and the control over density of the deposits can lead to 
important advantages. 

In particular, well developed biological 

25 analytical technology, and recently developed "Lab on a 
Chip" or "Gene Chip" techniques require creation of dense 
arrays of f luorescently labeled micro-organisms and DNA 
assays in a two dimensional field. It is desirable to 
place the arrays on a conventional microscope slide, and 

30 to create many such slides simultaneously in a 
manufacturing process. 

In important applications, single stranded DNA or 
PNA or other biological elements in the form of fragments 
carrying known information are distributed onto the 
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surface, of a planar field array containing up to possibly 
100,000 objects per microscope slide. The objects of the 
array represent discriminating sequence information. 
Different laboratories have targeted the objects of the ' 
5 array to have various spot sizes over a range of the 

order of 25 to 250 fim in diameter, depending primarily ^"*; % 
upon the total nxamber of objects anticipated in the 
array. The objects of the array are probed with 
fluorescently labeled fragments of potential 
10 coraplementariTy. When a match occurs between these 

fragments and hybridization occurs, a positive is scored 
by observing fluorescence at the site of hybridization. 
By manipulating the deposition of cortqplementary strands 
or fragments into the array and scoring "hits", many 
15 levels of information can be inferred. 

For gene chip technology to proceed to complete 
fruition, as well as to in^jrove the application of 
previous analytical techniques, economical instruments 
have been needed that can rapidly and accurately create 
20 the dense array of objects over a large field portion of 
a glass microscope slide or slide-like member that 
occupies an area approximately 22mm wide and 50mm long of 
a slide that is nominally 25mm x 75mm. 

In the deposition upon a microscope slide of 
25 discrete, minute quantities of a large variety of fluid 
materials, the volume deposited at a discrete spot 
typically may be from a few pico liter to a fraction of a 
micro liter, depending upon the application. The 
biological material carried in this fluid can range from 
30 a few strands of short oligonucleotides in a water 
solution to a high concentration of long strands of 
complex proteins. The properties of these fluids vary 
enormously. Some are akin to water while others are far 
more viscous, resembling a light oil or honey. The range 
35 of fluids that may be en^iloyed also exhibitis wide 
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differences in evaporative characteristics and in other 
. properties . 

such large range of property variations in fluids 
. of interest has caused great difficulties for any single 
5 type of process to operate over a wide range. 

Certain processes employing photolithographic, 
techniques have offered excellent positional accuracy of 
the objects and high dot density but have great . 
limitations due to cost and due to the limited range of 
10 biological and chemical techniques and substrates that 
are applicable. These techniques typically construct 
short segments of DNA or other molecules by adding single 

bases, one at a time. 

Certain other processes for forming arrays of dots 
15 of biological material have utilized piezo micro 

cylinders to aspirate and jet small volumes of fluid 
containing the material while others have used processes 
akin to a fountain pen, comprising a "quill" deposition 
tool . An assemblage of quills suck up a desired amount 
20 of fluid and by tapping a quill upon the receiving 

substrate, the meniscus holding the fluid in the gap of 
the quill breaks, due to inertia of the fluid within the 
suddenly stopped tool, so that a drop of fluid is 
effectively propelled from inside the quill to the 
25 impacted surface. 

The development of such techniques has occurred 
against the background of the quite old technique for 
forming much larger deposits, of transferring a portion 
of fluid by a pin or a set of pins that are e.g. dipped 
30 in a fixed reservoir containing fluid to be transferred 
and moving the pins into position to contact a usually 
soft siibstrate to form relatively large spots. Some of 
these instruments are known as "replicators". An example 
of a product produced by such prior pins would be a 22cm 
35 X 22cm bioassay plate carrying 0.6mm diameter spots 
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located on a grid 1 mm on center. This spot density is 
approximately 3 orders of magnitude too low from that 
needed for current "Gene Chip" applications, and the 
previously known techniques are impractical for present , , 
5 purposes for a number of other reasons as well. 

Summary of the I nvention 
One purpose of the invention is to provide a 
technology adapted to the deposition of very small drops 
of fluids, e.g. drops that form spots of less than about 

10 375 or 300 /xm diameter, and in important cases much 

smaller than that, and at correspondingly high densities 
(as used in this application, the term fluid "drop" 
refers to a very small quantity of fluid, and not to any 
partifular shape of the fluid volume) . The fluids and 

15 the resultant dots permissibly exhibit a wide range of 
properties such as viscosity, evaporative 
characteristics, surface tension, wettability, surfactant 
characteristic, dynamic contact angle and free surface 
energy. These and numerous other objectives are achieved 

20 by a number of broad features and preferred embodiments 
which are individually novel and important and which in 
many cases cooperate to achieve highly effective results. 

According to one aspect of the invention, an 
apparatus for depositing fluid dots on a receiving 

25 surface in an array suitable e.g., for microscopic 

analysis reaction and the like, is provided, comprising a 
deposit device and a fluid source which are cooperatively 
related to enable the deposit device to precisely size a 
drop of fluid of small diameter on a drop-carrying 

30 surface of the device, transport mechanism for 

positioning the device at a precisely referenced lateral 
position over the receiving surface and drive mechanism 
for moving the deposit device, relatively, in deposition 
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motion toward and away from the surface, the apparatus 
adapted, by repeated action, to deposit the drops of 
fluid precisely in a desired array, preferably the 
apparatus being computer controlled. 
5 Preferred embodiments have one or more of the 

following features. 

The drop-carrying surface has a diameter less than 
375 micron, preferably less than 300 micron, preferably 
between about 15 or 50 micron and 250 micron. 
10 The drop-carrying surface is .boiand by a sharp rim 

that defines the perimeter of the drop of fluid. 

The deposit device is a pin or pin- like structure 
having an end surface that carries the fluid drop, 
preferably the pin or pin- like structure having sides 
15 that intersect with the end surface to define a sharp 
peripheral drop-defining rim. 

Another broad aspect of the invention is an 
apparatus for depositing fluid drops on a receiving 
surface per se. comprising a deposit device and a fluid 
20 source which are cooperatively related to provide to a 
drop-carrying surface of the deposit device a precisely 
sized drop of fluid, the deposit device being a pin or 
pin- like structure having an end surface that serves as 
the drop-carrying surface, the pin or pin-like structure 
25 having sides that intersect with the end surface to 
define a sharp peripheral drop-defining rim. 

Preferred pins or pin- like structures have an end 
surface that is generally flat and side surfaces that are 
cylindrical and smooth. 
30 In preferred cases the deposit device is mounted 

for compliance in the direction of the deposition motion 
when the deposit device engages the receiving surface, 
preferably the deposit device being compliantly 
displaceable by overcoming resistance of a resilient 
35 member or weight, preferably, when the deposit device is 
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an axially slidable pin or pin-like structure, the means 
for urging comprises a coaxial spring or a weight acting 
on the pin or pin-like structure. Also preferably, the 
drive mechanism for the deposit device is constructed to 
5 overtravel beyond a level at which the compliantly 

displaceable deposition device engages the receiving ^ 
surface . 

In important cases the deposit device, at the time 
of deposit, is laterally constrained to a reference 
10 position, as by the deposit device being mounted on a 
flexure system that defines the referenced lateral 
position of the deposit device, or the deposit device is 
mounted in a manner permitting its displacement relative 
to its mounting upon its engagement with the receiving 
15 surface, at the time of engagement of the device with the 
receiving surface, the deposit device being subjected to 
a lateral force or turning moment that engages the 
deposit device with at least one lateral reference 
surface, preferably the deposit device being a pin or 
20 pin-like structure which is free to slide axially 

relative to its moianting upon engagement of the pin or 
pin-like structure with the receiving surface, and which 
is urged against the lateral reference surface by a 
spring, a weight such as the weight of the device, an 
25 eccentric weight, or the device being tilted, or by 

electrical or magnetic forces acting upon the pin or pin- 
like structure, to produce a lateral force or moment 
toward the reference surface. 

In many important cases, the fluid source is a 
30 mobile fluid storage device that is movable relative to 
an array of deposit locations, the fluid storage device 
being constructed and arranged to resupply the deposit 
device at various locations along the array. 

Another broad aspect of the invention is an 
35 apparatus for depositing fluid drops on a receiving 
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surface, comprising a deposit device and a fluid source 
which are cooperatively related to provide to the deposit 
device a drop of fluid, transport mechanism for 
positioning the deposit device over a receiving surface 
5 and drive mechanism for moving the deposit device, 

relatively, in deposition motion, toward and away from the 
receiving surface, the apparatus adapted, by repeated 
action, to deposit the drops of fluid in a desired array, 
the fluid source being a mobile fluid storage device that 
10 is movable relative to the array of deposit locations, 
the fluid storage device being constructed and arranged 
to resupply the deposit device at various locations along 
the array. 

In preferred embodiments employing a mobile 
15 storage device, the deposit device and the mobile storage 
device are constructed to supply drops to the deposit 
device in the immediate vicinity of the deposit locations 
for respective drops, preferably the mobile fluid storage 
device and the deposit device being coupled for 
20 transverse motion relative to the array and decoupled for 
movement of the deposit device toward and away from the 
receiving surface. 

In many cases the mobile storage devices are 
preferably constructed and arranged to be replenished 
25 from a remotely located large reservoir. 

In many cases a mobile storage device holds a 
volume of fluid having a free surface into which the 
deposit device is lowered and raised to obtain a fluid 
drop, preferably the mobile storage device being 
30 constructed to store a multiplicity of isolated fluid 
volumes in the wells of a multiwell plate, the apparatus 
constructed to obtain its fluid from a selected volume of 
the plate. 

In other important cases a mobile storage device 
35 defines a generally annular fluid retention surface or 
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ring (the term "annular" or "ring" being used to refer 
broadly to a member that has opposed or adjacent , 
surfaces that can hold a mass of fluid between them by 
surface tension effects, accessible to a deposit device), 
5 and the deposit device is constructed to move within the 
annular retention surface from retracted to extended 
positions, in the retracted position the drop-carrying 
surface of the deposit device being retracted from the 
surface of fluid retained by the annular surface of the 
10 storage device, and in the extended position the drop- 
carrying surface of the deposit device being projected 
through and beyond the surface of the retained fluid. 

Another broad aspect of the invention is an 
apparatus for depositing fluid drops on a receiving 
15 surface in an array suitable for microscopic analysis, 
comprising a deposit device and a fluid source which are 
cooperatively related to provide to a drop-carrying 
surface of the deposit device a precisely sized drop, and 
a drive mechanism for moving the deposit device, 
20 relatively, in deposition motion toward and away from the 
receiving surface, the storage device defining a 
generally annular fluid retention surface, and the 
deposit device being constructed to move within the 
annular retention surface from retracted to extended 
25- positions, in the retracted position the drop-carrying 
surface of the deposit device being retracted from the 
surface of the fluid retained by the annular surface of 
the storage device, and in the extended position the 
drop-carrying surface of the deposit device being 
30 projected through and beyond the surface of the retained 
fluid. 

In preferred embodiments, a member that defines an 
annular fluid retention surface is associated with a 
driver that moves the member relative to the deposit 
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device to a replenishment volume in which the member is 
immersed to receive a supply of fluid. 

In certain preferred embodiments the deposit . 
device is a pin or pin-like structure e.g. having one or 
5 more of the features described above, the pin or pin- like 
structure being mounted within the confines of an annular 
fluid retention surface and arranged to move axially 
relative thereto. 

Preferably, fluid retaining surfaces of the 
10 annular storage device have a hydrophilic surface, e.g. a 
surface roughness of at least 1000 microinch or a surface 
energy greater that about 2500 mN/m, preferably the 
surface comprising tungsten, and preferably, e.g. when 
cooperating with the annular member to pick up a supply 
15 of fluid the drop-carrying surface or tip of the deposit 
device has a surface of surface energy greater than about 
2500 mN/m, preferably the surface comprising tungsten. 

The apparatus of any of the aspects and preferred 
embodiments described preferably include a cleaning 
20 system and a control system adapted to control relative 
movement of the deposit device to a depositing 
relationship to the receiving surface and a cleaning 
relationship to the cleaning system. 

Another broad aspect of the invention is an 
25 apparatus for depositing an array of dots on a receiving 
surface, comprising a deposit device in the form of a pin 
or pin- like structure having an end surface capable of 
precisely defining a small drop of fluid, a source of 
fluid for the deposit device, mechanism for moving the 
30 deposit device relatively over an array of spaced apart 
deposit locations of a receiving surface, mechanism for 
repeatedly moving the deposit device, relatively toward 
and away from the receiving surface to deposit respective 
drops of fluid at selected deposit locations, a cleaning 
35 system, and a control system adapted to control relative 
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movement of the deposit device between a resupply 
relationship to the source, a depositing relationship to 
the siabstrate and a cleaning relationship to the cleaning 
system. 

5 In embodiments in which the deposit device is 

associated with a mobile supply device that travels with 
it, the deposit device and mobile supply device are 
preferably movable together to the cleaning system in 
response to the control system, preferably the mobile 
10 supply device being an annular member through which the 
deposit device operates. Preferably the cleaning system 
has a nozzle for directing a flow of air past the annular 
structure, preferably a cleaning or drying station 
comprising a circular nozzle constructed to discharge a 
15 conical flow of fluid, preferably compressed air, high 
pressure liquid, an aerosol or heated air against a 
deposit device or mobile fluid source, preferably the 
deposit device being a pin or pin- like structure 
surrounded by a mobile reservoir in the form of an 
20 annular member capable of holding a supply of fluid by 
surface tension effects, the nozzle flows directed to 
dislodge retained fluid, to clean or to dry the 
respective parts; in some uses preferably an circular 
storage device is associated with a heater, e.g., an 

25 induction heater. 

In certain preferred embodiments of the various 
aspects and features described, there are provided a set 
of at least two of the deposit devices, at least one 
fluid source for providing a drop of fluid on each 

30 deposit device, and mechanism for moving the pins 
together transversely over an array of spaced apart 
deposit locations of the receiving surface, preferably 
there being at least four of the deposit devices 
comprising a deposit head. Preferably the apparatus 
35 includes mechanism for repeatedly moving each deposit 
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device independently, or mechanism for moving each 
deposit device simultaneously, relatively, toward and 
away from the receiving surface to deposit respective 
drops at respective deposit locations on the receiving 
5 surface • 

For simultaneous actuation, preferably two or more 
deposit devices are mounted on a common support, driven 
by a common driver to deposit respective fluid drops on 
the receiving surface. In cases in which each deposit 
10 device is associated with a respective storage ring, the 
storage rings are also mounted on a common support, 
driven by a common drive; preferably the spacing of the 
rings corresponds to the spacing of a multiwell storage 
plate into which the rings are immersed for resupply.. In 
15 cases in which the deposit device is lowered directly 
into fluid and raised to obtain its drop, preferably the 
spacing of the deposit devices corresponds to the spacing 
of wells of a predetermined multiwell plate, the 
multiwell plate being a mobile fluid supply that is 
20 constructed to accompany the deposit device across the 
substrate. In the case of supply rings or direct dipping 
of the deposit devices, preferably in the spacing 
corresponds to well -to-well spacing of wells of a 96, 
384, 864 or 1536 well plate, or a spacing of 9 mm or a 
25 submultiple of 9 tnm. 

The various apparatus described preferably have 
one or more of the following features. 

The deposit device and its mounting limits the 
force of engagement of the deposit device upon the 
30 receiving surface to less than 1 gram, preferably less 
than 0,5 gram, preferably to about 0.3 gram. 

The deposit device has a natural frequency greater 
than lOHz, preferably greater than 20Hz. 

The motion of the deposit device toward and away 
35 from the receiving surface is damped, preferably by 
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friction or by a damping material associated with the 
support of the deposit device. 

The apparatus of any of the foregoing is 
preferably constructed to mount a number of microscope 

5 slides or slide-like structures to serve as the receiving 
surface, and a control system is constructed and arranged 
to deposit drops of fluid in selected locations on the 
slides or slide-like structures, preferably the fluid 
source comprising a source of biological fluid. 
10 Another broad aspect of the invention is a fluid 

deposit assembly mounted on a carrier for depositing 
minute drops of fluid at selected locations upon a 
receiving surface, comprising a deposit device having an 
exposed tip, preferably of diameter of 375 or 300 micron 

15 or less, constructed and arranged to carry and deposit 

drops of fluid upon the surface, stable lateral reference 
surfaces or surface portions exposed for engagement by 
the deposit device, the surfaces or surface portions 
constructed and arranged to prevent lateral displacement 

20 of the deposit device relative to the carrier when the 
deposit device is urged thereagainst and mesins for urging 
the deposit device against the reference surfaces or 
surface portions at least at the time that the deposit 
device approaches the receiving surface to deposit a 

25 fluid drop, the reference surfaces or surface portions 
and the means for urging cooperating to position the 
deposit tip in a precisely desired position as it 
contacts the receiving surface. 

Preferably, for depositing fluid drops in a dense 

30 array of mutually isolated dots, the assembly comprises a 
fluid source for repeatedly providing a discrete drop of 
fluid on the tip of the deposit device, mechanism for 
moving the device relatively over an array of spaced 
apart deposit locations of a receiving surface, mechanism 

35 for repeatedly moving the device, relatively, toward and 
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away from the receiving surfaces to deposit respective 
dots at respective deposit locations on the surface, 
preferably the fluid source being a mobile fluid storage 
device separate from the deposit device, which is 
5 generally movable over the array of deposit locations, 
the fluid storage device being constructed and arranged 
to resupply the deposit device at various locations with 
respect to the array. 

In certain preferred embodiments of this aspect 
10 also, the deposit device is a slidable pin or pin-like 
structure constructed and arranged to dip into a volume 
of fluid carried by a mobile storage device, preferably 
the storage device being constructed to store a 
multiplicity of isolated fluid volumes, the apparatus 
15 constructed to move the supply device relative to the 
deposit device to select the fluid to be deposited, 
preferably the storage device being a 96 well plate or a 
plate having a multiple of 96 wells, and also preferably 
including at least one driven stage for moving a selected 
20 well of a mobile multiwell plate into registry with the 
deposit device under computer control for enabling motion 
of the deposit device to dip into and out of the 
preselected well to provide a drop of the selected fluid 
to the device. 

25 In other preferred embodiments the mobile storage 

device is an annular ring as described above. 

In embodiments in which the deposit device is a 
pin or pin- like structure, it is preferably positioned by 
engagement with a surface of revolution whose axis is 

30 disposed at a predetermined relationship to the receiving 
surface or substrate, preferably the surface of 
revolution being in the form of a supporting ledge that 
supports the device from moving in its assembly in the 
direction toward the receiving surface, but from which 

35 the device is free to lift in response to contact of the 
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tip of the device with the receiving surface as the 
supporting ledge and device are together moved relatively 
toward the receiving surface for depositing a drop, 
preferc±>ly the surface of revolution having a surface of 
5 form substantially matching the form of the portion of 
the device disposed to engage it, preferably the surfaces 
being respectively conical, each preferably conforming to 
a portion of the surface of a right cone. 

In certain embodiments a means for urging the 
10 deposit device against reference surfaces applies a 
lateral force or turning moment to the deposit device, 
preferably the force or turning moment being applied by a 
spring bearing eccentrically on the device or by a 
pushing member engaged with a remote end of the deposit 
15 device, one of the engaged end and pushing member 

comprising a surface set at an acute angle to an axis of 
the device, and the other of the surfaces comprising a 
convexly curved surface engaged upon the angled surface, 
preferably the convexly curved surface defined by a 
20 confined ball that bears against the inclined surface, 
preferably by being pushed by a weight. 

In embodiments in which the deposit device is in 
the form of a pin or pin- like structure, a structure 
prevents rotation of the deposit device about its own 
25 axis, preferably the pin or pin-like structure confined 
in a conplementary space that prevents its rotation about 
its own eucis or a detent prevents rotation of the deposit 
device, preferably the detent comprising part of a coil 
spring which surrounds and is frictionally secured to the 
30 pin or pin-like structure, a protrusion of the spring 
engaging a stop surface that prevents the rotation, 
preferably the spring also providing axial compliance to 
the pin or pin-like structure. 

Another broad aspect of the invention is a deposit 
35 apparatus comprising a multiplicity of deposit devices as 



wo 99/36760 



PCTAJS99/00730 



- 15 - 

described, moxmted for motion together in response to a 
conmon actuator, preferably the deposit devices 
con5>rising deposit pins or pin-like structures. 

Another broad aspect of the invention is an 
5 apparatus comprising a mobile fluid storage device 

separate from a deposit device and generally movable over 
an array of deposit locations, the fluid storage device 
being constructed and arranged to resupply the deposit 
device at various locations with respect to the array, in 
10 one case, preferably the mobile fluid storage device 
being constructed to store a multiplicity of isolated 
fluid volumes, the apparatus constructed to move the 
mobile storage device relative to the deposit device to 
select the fluid to be deposited, preferably the deposit 
15 device being a pin or pin- like structure constructed and 
arranged, under computer control, to dip into a selected 
volume of fluid carried by the mobile fluid storage 
device, preferably the mobile fluid storage device being 
a raultiwell plate having 96 wells or multiples of 96 
20 wells, or a spacing of 9 mm or a submultiple of 9 mm and 
preferably the apparatus including a driven stage for 
moving the fluid storage device into registry with the 
deposit device under computer control for enabling 
dipping of the deposit device into a preselected fluid 
25 volume; in another case preferably the mobile storage 
device is an annular ring that retains a supply of fluid 
by surface tension. 

The invention also features the method of use of 
all the described apparatus in depositing fluid drops, 
30 especially the fluids mentioned in the specification. 

Another broad aspect of the invention is a method 
of depositing a biological compound on a substrate or 
causing biological compoxinds to interact with another 
substance at a predetermined position on a substrate, 
35 including the step of depositing at least one of the 
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compoxind or sxibstance in a precisely determined localized 
spot relative to the siibstrate by mechanically lowering a 
compliant deposit device, preferably a compliant pin or 
pin-like structure, to which a drop of the compound or 
5 siibstance is held by surface tension, toward the 

substrate iintil the pin or pin-like structure contacts 
the substrate or a pre-applied compound on the siibstrate 
and thereafter mechanically lifting the deposit device 
away from the substrate under conditions in which the 
10 fluid drop transfers to the substrate or the pre-applied 
compound on the substrate, preferably the deposit device, 
when approaching the substrate, applying a force to the 
substrate of less than about 1 gram, preferably less than 
0.5 grams, preferably about 0.3 grams and preferably the 
15 drop being less than 300 micron in diameter, preferably 
less than 200 or 100 micron in some cases preferably 
superposed drops of both a compound and another substance 
being successively deposited by the said technique. 

Preferably in certain cases the fluid supply of 
20 the biological compound or substance to be deposited by 
the pin or pin-like structure is obtained by dipping the 
pin or pin- like structure in fluid, or the deposit device 
is supported above the sxibstrate at the deposit location 
within a ring holding fluid by surface tension, and the 
25 pin is moved through the ring in the. manner that a 

relatively small drop of the fluid supply is held by the 
end of the pin or pin-like structure by surface tension, 
preferably in both cases the pin providing a drop- 
carrying surface bound by a sharp rim that sizes the 
3 0 drop . 

Preferably the fluid to be deposited is fluid 
selected from a group of fluids disposed in a multiwell 
plate, either a plate which moves across the siobstrate to 
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be in proximity to the deposit pin or pin- like structure, 
or a plate visited by an annular supply ring. 

Another broad aspect of the invention is a method 
of producing arrays of fluid dots comprising providing an 
5 array of compliant deposit devices according to any of 
the foregoing claims, the devices preferably being in the 
form of pin or pin- like structures, the devices having 
spacings corresponding to the well spacing of a 96 well 
plate, or a plate having a multiple of 96 wells or a 
10 spacing of 9 mm or a submultiple of 9 ram, according to a 
sampling plan, preferably either dipping mobile annular 
supply rings into wells of the plate or dipping the 
devices directly into wells of the plate with which the 
device is registered to provide fluid drops on the 
15 devices and transferring the drops to respective 

locations in substantially denser arrays on a receiving 
surface, preferably the drops being deposited on a 
microscope slide in a pattern of square arrays. 

In the various methods, preferably drops of fluid 
20 are deposited under computer control, by moving at least 
one con?)liantly mounted pin or pin-like structure having 
a drop- supporting surface of diameter less than about 375 
microns, preferably less than 300 microns, preferably 
less than 250 micron, to a selected position and 
25 depositing, with the pin or pin-like structure, a desired 
material . 

In the various methods, preferably the receiving 
surface is fragile, or soft, preferably the receiving 
surface is porous or microporous or fibrous, preferably 
30 comprising nitrocellulose, nylon cellulose acetate or 
polyvinylidine fluoride or a gel, preferably the member 
defining the soft or fragile receiving surface being 
mounted on a rigid carrier member, either directly or 
upon an intermediate soft or resilient buffer member. 
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Preferably the method is employed to deposit a 
fluid selected from the group of biological fluids 
described in the specification, preferably the material 
being a biological probe or a chemical for reaction with 
5 biological material, a fluorescing material, an ink, dye, 
stain or marker, a photoactive material, or a varnish or 
an encapsulant or an etchant, or a cleaning or 
neutralizing agent . 

Another broad aspect of the invention is the 
10 method of depositing a biological fluid with a pin or 
pin-like structure comprising supporting fluid within a 
ring by surface tension, and moving the pin or pin-like 
structure through the ring in the manner that a 
relatively small drop of the fluid is held by to the end 
15 of the pin by surface tension and deposited on a 
receiving surface. 

Preferably an array of deposits formed by any of 
the described methods is microscopically examined with a 
wide area scanning microscope. 
20 The invention also features an array product 

comprising deposited dots of fluid of diameter less than 
about 375 micron diameter, preferably less than 300 
micron, preferably between-i5 or -50 and 250 micron, in a 
dense array in a pattern corresponding to a function of 
25 the distribution of wells of a 96 well plate, preferably 
the dots being spaced from each other in the array less 
than three times their diameter, preferably less than 
twice, or about one and one half times the dot diameter 
the deposits preferably residing upon a glass microscope 
30 slide or on a fragile or soft surface, preferably a 
porous or microporous surface, the surface preferably 
comprising nitrocellulose, nylon, cellulose acetate, 
polyvinyl idine fluoride or a gel, the fragile or soft 
surface preferably mounted on a rigid support directly or 
35 via an intermediate soft or resilient buffer member. 
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Brief Description of th e Drawings 
In the Figures: 

Fig. 1 is a free body diagram of a deposit pin 
that is laterally constrained by being loaded against a 
5 reference surface. Fig. 1 also illustrates alternate 
mobile siib- reservoirs with which the deposit pin is 
employed . 

Fig. lA is a cross-section taken on line-lA-lA of 

Fig. 1. ... 

10 Figs. IB and IC are views similar, to Fig. lA 

illustrating other pin loading arrangements. 

Fig. ID is a diagrammatic perspective view of a 
deposit pin that has a conical surface mated with a 
complementary seating surface of a support plate, while 

15 Fig. IE is a diagram of a longitudinal segment of the 
support seating surface and Fig. IF is a diagrammatic 
view with vectors that analyze the reaction forces of the 
support seat in response to lateral biasing applied to 
the pin. 

20 Fig. IG is a representation of a spring-mounted 

and damped deposit pin. 

Figs. 2, 2A, 2B and 3 are diagrammatic side views 
of combinations of deposit pins and cooperating supports 
that provide lateral constraint of the pin, Fig. 2' is a 

25 preferred alternative arrangement of a portion of Fig. 2, 
while Figs. 3A and 3B are cross -sectional views taken on 
respective section lines of Fig. 3. 

Pig. 4 is a perspective view of a deposit pin 
moiinted by a pair of parallel spring flexures by which it 

30 is laterally constrained and prevented from rotating 
about its own axis, the pin acting vertically through a 
mobile sub-reservoir while Figs. 4A and 4B are partial 
cross-sectional views of other deposit pin mounting 
constructions en5)loying pairs of spring flexures. 
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Figs. 5A-5E depict the action of a deposit pin 
depositing biological fluid or reagent, with light 
contact force, on a precisely located position on a 
receiving surface such as a microscope slide. 
5 Figs. 5F-5I depict the action of a pin depositing 

fluid on a fragile, porous or soft membrane or the like. 

Fig. 5 J shows a rigid slide carrying a membrane 
upon which an array of dots can be deposited. 

Figs. 5K-5N illustrate the process of depositing 
10 one deposit upon another in a precisely aligned manner 
while Figs. 50-5R illustrate deposit of a large spot upon 
which small fluid dots are deposited. 

Figs. 5S-5V illustrate multiple deposits formed by 
vertically upward deposit motions. 
15 Fig. 6 is a diagrammatic view of depositing dots 

of fluid on flat-bottomed wells of a multiwell plate. 

Fig. 7 depicts a mobile sub-reservoir that travels 
from one deposit position to another with a separate 
deposit device illustrated as a deposit pin. 
20 Fig. 8 depicts a system employing the action 

depicted in Fig. 7, combined with a cleaning station and 
a central supply of fluid specimen. 

Fig. 9 is a side view and Fig. 10 a top view of a 
deposit head, cottprising a deposit pin and an annular 
25 sub-reservoir through which the deposit pin operates, 
while Figs. 9A-9D depict a sequence of stages of the 
deposit action of the head of Fig. 9. 

Fig. 9E depicts supply or resupply of the sub- 
reservoir of Fig 9. 
30 Fig. 9F depicts cleaning the ring and pin of Fig. 

9 at a cleaning station while Fig. 9G depicts a station 
for removing liquid, washing and drying the pin and ring. 

Fig. 9H depicts the narrow walls of the wells of a 
PGR plate and the supply of a sub-reservoir by immersion 
35 in a well. 
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Fig. 91 is a cross- sectional view of a presently 
preferred annular s\ib- reservoir device suitable for 
picking up. low viscosity fluids from a narrow main supply 
as illustrated in Fig. 9H, while Fig. 9 J is an end view 
5 of the device of Fig. 91. 

Fig. 9K is a magnified view of a pin and ring 
assembly in which the fluid contact surfaces are 
specially coated while Fig. 9L illustrates on a less 
magnified scale the immersion of the assembly for pickup 
10 of a local fluid supply and Fig. 9M, similar to Fig. 9K, 
illustrates the fluid load that is picked up by the 
assembly. 

Fig. 11 is a perspective view of a multi-pin 
deposit head mounted for cooperation with a multiwell 
15 mobile supply reservoir while Fig. IIA shows the same 
elements as Fig. 11 in a supply relationship. 

Fig. 12 is a diagram of an operable pin pattern of 
micro deposit pins while Fig. 13 illustrates the initial 
relationship of the pins to a standard 96 well supply 
20 plate. 

Fig. 14 defines a useful sampling sequence for the 

pins of Fig. 12. 

Fig. 15 illustrates a pattern of separated squares 
on a microscope slide which the pins of Fig. 12 can 
25 simultaneously address while Fig. 15B shows details of a 
square ; 

Figs. 16, 17, 18, 19 and 19B are views similar, 
respectively, to Figs. 12-15B, illustrating an 
arrangement employing a 12 pin pickup array used with a 
30 96 well supply plate. 

Fig. 20 is a perspective view of an assembled 
deposit pin constructed according to Fig. 2 combined with 
a respective supply ring; Fig. 2 OA is a similar view of a 
group of four such assemblies. 
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Fig. 21 is a perspective view of a particular 
device enploying details of the pin design of Fig. 2, 
mounted for X,Y and Z travel as an array- forming device 
while Fig. 22 illustrates an arrayer system, employing a 
5 group of assemblies of Fig. 20A or Fig. 21 constructed 
for commercial use. 

Figs. 23 and 23A are perspective views of a 
combined weak and strong flexure mounting of a deposit 
pin at respectively different stages during operation. 
10 Fig. 23B is a perspective view of the sxabassembly 

of Fig. 23 combined with drivers for the pin and the sub- 
reservoir supply ring. 

Fig. 24 shows a ganged deposit system having four 
independently operable deposit pins. 
15 . Fig. 24A is a partial perspective view and Fig. 

24B is a plan view of a ganged deposit system having a 
number of flexure -mounted deposit pins driven by a single 
driver and a corresponding number of sub -reservoir rings 
driven by a single driver; Fig. 24C is a plan view of an 
20 array of dots producible by the system of Figs. 24A and 
24B. 

Fig. 24D is a perspective view of the ganged 
system driven by a linear stage. 

Fig. 25 is a perspective view of a machine for 
25 depositing dots of biological fluid in dense array upon a 
series of microscope slides. 

Fig. 25A is a side view of a slide holding 
arrangement useful in the machine of Fig. 25. 

Pigs. 26 and 27 show features of the control 
30 system software and method for conducting the deposit 
action. 

Preferred Embodiments 
In preferred embodiments a deposit pin of small 
cross-section is enployed with a mobile fluid reservoir 
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to which the pin is repeatedly exposed, the pin being 
sized and shaped to define and retain on its tip a drop 
of fluid from the reservoir, the drop containing only 
enough material to deposit a single dot. 
5 The volume of the drop is typically determined by 

pin cross-section dimensions, shape and surface 
characteristics of the tip of the pin as well as by the 
viscosity and surface tension of the fluid to be 
deposited and the techniques by which the tip is 

10 supplied. 

By providing the tip of the deposit pin with a 
sharply defined rim, it is found during repeated action 
that fluid drops of consistent volume are defined by the 
tip when all other factors remain constant. 
15 Presently we prefer that the rim of the tip of the 

pin be "square", i.e. that, in profile, the end surface 
of the tip of the pin be substantially at a right angle 
to the side surface of the pin, and that the pin side 
surfaces be smooth. Preferably the pin is round in 
20 transverse cross -sect ion, though it may be of other 

shapes. Under certain circumstances, as when depositing 
on porous substrates that readily receive the fluid, the 
end surface of the pin may also have a surface-tension 
enhancing surface to optimize the fluid acquisition 
25 capability of the pin. For example it may have a 

roughened surface, surface roughness of at least 1000 
microinch, or be composed of high surface energy 
material, (surface energy greater than 2500 mN/m) , such 
as tvmgsten. 

30 It is foiind that arrays of fluid dots between 

about 20 microns to 375 microns can be deposited using 
biologic fluids of conventional concentrations, by 
employing deposit pins that have, in their tip regions, a 
wire or wire- like geometry of diameter (true diameter or 

35 cross-section dimension) between about .001 inch (25 
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microns) and .015 inch (375 microns), the smaller tips, 
i.e. tips smaller than .012 inch (300 microns) are 
referred to here as "microtips" . A preferred range of 
tip sizes is between 50 microns and 250 microns. 
5 In preferred embodiments, at least at the time of 

engagement of the pin against the receiving surface, 
precise positioning of the pin is achieved by lateral 
constraint of the pin to a reference position. ' The pin 
is also axially controlled, preferably by a compliant 
10 mounting, to limit the maximum deposit force to 

preferably less than 1 gram, in preferred cases less than 
0.5 gram, e.g. 0.3 grams. The lateral constraint ensures 
that the deposited drop is precisely located while the 
"soft landing" assists in achieving a well-defined 
15 deposit, in protecting the end geometry of the pin to 

preserve its drop -si zing function over long usage, and in 
protecting fragile sxibstrates that may define the 
receiving surface. 

With these provisions, tightly packed arrays of 
20 deposited dots of fluid can be achieved, i.e. arrays with 
center- to -center spacing between dots of less than three 
times the dot diameter, often only twice or one and one 
half times the dot diameter. 

Fig. 1 is a free body diagram of a deposit pin 12 
25 having a microtip that is laterally constrained to a 
reference position by application of forces (see Fig. 
lA) . This achieves precise X,Y positioning of the tip at 
the time of its engagement with the receiving substrate 
20. Tip 12d has sharp rim 12 f, and is roxind in cross - 
30 section, of diameter d in the range greater than about 15 
microns and less than about 375 microns, preferably less 
than 300 microns, preferably in the range between about 
15 or 50 microns and 250 microns. It is capable of 
defining and depositing upon substrates micro dots of 
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fluid of generally corresponding dimension in the tightly 

packed arrays. 

In the embodiment of Figs. 1 and lA the deposit 
pin is carried on support 17. The pin, though laterally 
5 constrained at the time of engagement with the substrate, 
is mounted to be axially cottqpliant, free to be displaced 
upwardly relative to the support when the pin encounters 
the substrate. When the support is lifted from the 
substrate the pin is free to return to its seat. The 
10 pressure applied to the substrate by the pin can be 
determined by the weight of the pin alone, or as 
supplemented by a spring or added weight. Preferably the 
pins are secured against rotation to ensure repeatability 
of position despite possible variations in shape of the 
15 pin due to manufacturing tolerances. 

The details of preferred laterally referenced pins 
axially displaceable from their support are described 
later with reference also to Figs. IB to IF and to Figs. 
2-2B, Fig. 2' and Figs. 3-3B. With the mountings shown, 
20 the movements occur accurately over a wide range of 
ambient conditions. 

Another laterally referenced pin mounting 
arrangement is shown in Fig. 4, see also Figs. 4A and 4B. 
Pin 12 is supported by a pair of spaced apart, parallel, 
25 planar, cantilevered flexures 70, 72 that extend 

perpendicular to the direction of the desired compliant 
motion of the pin, to provide a parallelogram type of 
mounting that laterally constrains the pin to a reference 
position to enable landing of the pin at a precise 
30 location on the substrate. A soft landing occurs due to 
compliance provided by the flexures. To deposit precise 
arrays of dots as small as 25 micron (0.001 inch) 
diameter, an element of spring metal in at least one of 
the flexures 70, 72 ensures that the deposit pin returns 
35 to its original, vertical position after each deposit. 
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Provision of a suitable mounting and drive of the 
deposit pin, as illustrated in the Figs. 1-4. enables a 
low and predictable contact force upon the receiving 
substrate (the "soft landing") despite variations in the 
5 height of the substrate , e . g . due to variations in 

thickness of microscope slides or slide- like members upon 
which the fluid dots are applied. Superior results can 
be obtained by controlling the deposit pin forc6 upon the 
substrate to . less than the order of one gram, or 0 . 5 
10 gram, preferably about 0.3 gram. 

While vertical reciprocation of a deposit pin is 
presently preferred, other motions can be employed. 

The deposition systems described have long-term 
dimensional stability, being immune from temperature, 
15 humidity and other ambient changes. The systems enable 
spotting of, e.g., a full set of 40 microscope slides 
with 10,000 spots per slide, a process that may require a 
few hours to a few weeks, depending upon the number of 
pins operating siraulteineously in one head. The 
20 instrument may operate unattended for many hours at a 
time. 

For high speed operation, the system also 
preferably has a natural resonant frequency higher than 
10 Hz, e.g., 20 Hz, which is achieved by employing a pin 
25 of low mass and a suitable support. 

To operate at high speed, e.g. such as a drop 
formation/drop deposit cycle of 0.1 second, in addition 
to having a natural frequency higher than 10 Hz or 20 Hz, 
the pin mounting system has a provision for damping the 
30 motion of the moving pin element, preferably by an amount 
close to critical damping. This damping prevents the pin 
from bouncing and degrading the spotting process and 
enables the pin to be moved quickly away after each 
deposit action. In preferred embodiments, damping is 
35 obtained concurrently with providing very high compliance 
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of the pin support . The general principle of combined 
compliance and damping is illustrated in Fig. IG. The 
actuator A acts through a highly compliant support spring 
Z, buffered by a dan?)ing device X, the moving assembly 
5 having a natural frequency in excess of 10 Hz. where 
sliding action of weighted pins is employed, friction of 
the sliding surfaces can be employed to provide damping. 

In embodiments that employ cylindrical deposit 
pins moving axially normal to the deposit surface, with 
10 spring mounting systems in which the weight of the pin is 
insignificant or counter balanced, it is observed that a 
spring support system for the pin with stiffness of less 
than 5 gram per millimeter deflection, measured at the 
pin, produces good results for cases in which the amount 
15 of pin deflection is a few tenths of one millimeter. In 
one particular case, a spring system having a spring 
deflection ratio of 3 gram/mm, deflected about 0.2 mm, 
resulted in deposition of dots of fluid of excellent, 
repeatable quality over a range of microscope slides. 
20 Use of the deposit pins to deposit biological 

fluid or reagent on a rigid substrate is illustrated in 
the sequence of highly magnified, diagrammatic Figs. 
J5A-5E while Figs. 5F-5I illustrate use of the pins to 
deposit fluid dots upon a delicate, soft or porous 
25 membrane and the like. 

In Fig. 5A, the deposit pin P is seen supporting a 
drop F of fluid obtained e.g. from a mobile sub-reservoir 
MW (Fig. 1) or sxib-reservoir ring 14, (Fig. 1, 4). The 
pin moves under control of driver D toward a selected 
30 target point S on receiving surface R. In the case of 
dipping into sub-reservoir MW, surface tension effects 
hold fluid drop F in substantially semi -spherical form on 
the sharp-rimmed tip of the pin, see Fig. 7. When the 
tip is plunged through fluid held in sub-reservoir ring 
35 14, the drop F is normally shallower, less roionded, see 
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Fig. 9. Surface R, when a microscope slide, is typically 
inpermeable and non-wettable such as silene-coated glass. 

In Fig. 5B, the pin has advanced sufficiently 
toward the receiving surface R that contact of the fluid 
5 drop with the surface has occurred. The drop has been 
forced to distort to a generally cylindrical shape, C. 

In Fig. 5C, the pin P has advanced toward surface 
R to level L. The fluid cylinder is of expanded form, 
in which its boundairy has been stretched, but it remains 
10 as a coherent fluid mass between and in the immediate 
vicinity of the receiving surface and the tip of pin P. 
The system for driving the pin limits the further 
movement of the pin toward the receiving surface R in the 
manner that the maximum force exerted by the pin upon the 
15 substrate is limited, as described. 

In preferred mechanical systems, the pin is 
compliantly mounted and responds to resistance force 
transmitted to the pin by the fluid or mechanical contact 
with the substrate, so that the tip of the pin stops 
20 despite overtravel of the driver. 

In other systems, based upon position detection, 
the driver is stopped in response to a position sensor at 
the desired level. In hybrid systems, combinations of 
compliant or mechanical limiting systems and positional 
25 detection can be en?jloyed. 

In Fig. 5C the fluid cylinder C^, is shown 
expanded relative to its base in Fig. 5B. The degree of 
expansion and the curvature of the fluid wall is 
determined by the degree of wettability of surface R and 
30 the surface tension characteristics of the fluid, as well 
as by the force applied by the pin. 

In Fig. 5D, the pin P has moved away from surface 
R, leaving drop DF at target point S. The drop DF may 
contract in base diameter. The degree of such 
35 contraction or of expansion is determined by the 
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wettability of the receiving surface and surface tension 
characteristics of the fluid. When surface R is 
hydrophobic, the deposited fluid drop may contract as it 
dries, while with wet table, fibrous, or porous surfaces, 
5 it may expand; in either event, the size of the deposited 
dot is determined principally by the size of the tip of 
pin 12. 

In Fig. 5E the pin P, substantially devoid of 
fluid, moves away from receiving surface R, with a 
10 component of lateral movement, M. It is rapidly 

resupplied and proceeds to the next target point. The 
pin P is resupplied in important cases from a mobile 
local sub-reservoir that accompanies the pin across the 
substrate, e.g. the movable reservoir MW of Fig. 1 or the 
15 annular supply ring 14 of Fig. 1 or Fig. 4. The deposit 
cycle is then repeated at another lateral (X,Y) position 
to Which the pin is moved. 

Instead of placing deposits on a rigid, smooth 
substrate, the sxabstrate may be a porous or microporous 
20 membrane or a delicate film such as nitrocellulose, 
cellulose acetate, polyvinyl idine fluoride (PVDF) or 
nylon, or it may be an agar gel or other gel. The 
particular substrate can be selected in accordance with 
the nucleic acid, protein or other transfer procedure 
25 being employed, and can be the same as or take into 
consideration the substrates previously used in 
development of historical reference data with which the 
results of the present experiment are to be compared. 
The compliance of the pin protects such fragile 
30 substrates from damage. 

Action of a deposit pin in depositing biological 
fluid or reagent on a delicate, soft or porous s\ibstrate 
is illustrated in highly magnified Figs. 5F-5I. A 
delicate, relatively soft membrane D„ is supported 
35 directly on a rigid support Rg. 
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In Fig. 5F, as in Fig. 5A, the tip of deposit pin 
P having a sharp rim 12f supports a precisely sized drop 
F of fluid specimen or reagent obtained from a mobile 
sub-reservoir, and moves toward a preselected deposition 
5 point S. 

In Fig. 5G, the pin has advanced sufficiently 
toward the receiving surface R that the fluid drop 
contacts the surface. The slight pressure of pin P 
slightly deforms membrane S„ as illustrated in Fig. 5G, 
10 but axial compliance of the pin prevents damage to the 
relatively soft substrate. Depending upon the porosity 
or softness of the membrane and any capillarity, the 
fluid may migrate slightly to the sides, but the size of 
the deposited dot of fluid is principally determined by 
15 the size of the pin's tip. 

In other cases, a protective buffer member, not 
shown, which may be soft or resilient may be interposed 
between deposit pin and sxibstrate. In some cases where 
the buffer member is significantly compliant, compliance 
20 of the deposit pin itself may be omitted in those 
conditions where a degree of compliance is required. 

In Fig. 5H the pin P, s\abstantially devoid of 
fluid, moves away from the receiving surface with a 
cotiponent M of lateral movement, and proceeds to the next 
25 target point. Because of the light contact pressure, the 
shape of the tip and the presence of the intervening 
fluid, no particles of the substrate remain on the tip. 
Upon relief of the slight deposit pressure, the membrane 
begins to recover its original conformation. 
30 In a short while, as shown in Fig. 51, the 

delicate membrane substantially recovers its conformation 
and the fluid has dried, leaving dried deposit of 
substantially the size of the tip of the deposit pin. 

Fig. 5 J depicts a glass microscope slide or slide- 
35 like member Mg carrying a delicate membrane, D„, e.g. a 
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thin layer of microporous nitrocellulose film formed by 
casting, such as is available from Grace Bio-Labs Inc. 
under the trademark Oncyte® Film Slides. The process 
just described may be employed to deposit microarrays of 

5 fluids on such microporous film. Although the deposit- 
receiving surface is not rigid itself, by virtue of a 
rigid backing, the delicate membrane can be automatically 
processed, scanned, etc. by available robotic equipment 
that engage the rigid frame. 
10 High density arrays of individual deposited dots 

as depicted in Figs. 5A-5D and 5F-5I are achieved by 
repeated deposit action of one or more deposit pins, with 
selected fluids being deposited at selected precise 
locations under computer control as further described 

15 below. 

Figs. 5K-5N depict diagrammatically, in magnified 
scale, the depositing of one deposit upon another in a 
precisely aligned manner, made possible by the positional 
accuracy of the systems being described. Fig. 5K shows a 
20 deposit 100, as produced by techniques previously 
described employing a deposit pin, or by some other 
technique that achieves a known position. Fig. 5L shows 
deposit pin 12 having been indexed into precise alignment 
with dot 100, and lowered to engage fluid drop Ci with it. 
25 Fig. 5M shows the deposited second drop 104 still in 
fluid state while Fig. 5N shows dried second dot 106 
deposited upon dot 100. 

In similar fashion Figs. 50-5R illustrate deposit 
of a relatively large spot of fluid using large deposit 
30 pin 120 and subsequent deposit of small drops using a 

smaller deposit pin 12 having a microtip. The large drop 
on the pin 120, in Fig. 50, forms a large deposited drop 
110, Fig. 5P, which dries to form a large dried spot 112, 
Fig. 5Q. Subsequently, small drops 114 are deposited in 
35 selected precise locations upon the large spot 112, Fig. 



wo 99/36760 



PCT/US99/0d730 



- 32 - 

5R, which can be identified to computer memory and 
employed at the time of microscopic examination to 
correlate the results. 

Figs. 5S-5V illustrate the possibility, with 
S selected receiving substrates and fluids, of conducting 
the operation of Figs. 5K-5N in inverted fashion. 
Similarly the other deposit actions described may also be 
performed with inverted motions, or at other angles. 

Referring to Fig. 6. a deposit device comprising 
10 deposit pin 12 and sub-reservoir ring 14 supported by rod 
15, is used to deposit dots of fluid on the flat bottom F^ 
of a conventional well of a microtitre plate Mp. A number 
of precisely located deposits of fluid can be made, 
taking advantage of the long length and small diameter of 
15 the deposit pin 12, which enables reaching the bottom of 
the well at precisely spaced locations. For instance, a 
series of probes may be bound as dots to the bottom of a 
well at known, recorded positions, a fluid containing the 
analyte may be used to fill a well, and subsequent to a 
20 reaction or incubation interval, the bottom of the well 
may be scanned by a microscope, or otherwise examined, to 
determine which deposited probes matched the analyte 
fluid. By pre-preparation of such a plate with known 
sets of probes, many fluids or many probe actions with a 
25 given fluid may be assessed. 

Details of preferred embodiments that laterally 
constrain the pin to a reference position and facilitate 
highly accurate X,Y positioning of a microtip during each 
deposit will now be described. 
30 Referring to Fig. 1, deposit pin 12 comprises a 

relatively large body 12a and a lower portion 12b of 
reduced dimension that leads to deposit tip 12d having 
sharp rim 12f . The pin also has an upwardly extending 
guide portion 12c. 
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Large body 12a provides a downwardly- directed 
annular surface 12e that is engaged upon a support, to 
receive support force F3 that bears the pin's weight. 

The assembly is constructed to enable a lateral 
5 bias force F^, to urge pin 12 against a pair of reference 
surfaces Ref^ and Ref, which lie at an angle to each other 
as viewed in horizontal cross-section, Fig. lA. These 
reference surfaces are arranged to resist movement' of the 
pin in X and Y coordinates by applying reaction forces 
10 that have X and Y components. The combined X components 
of the forces provide resistance force that balances 
bias force F^. The reference surfaces are constructed to 
leave the pin free to move axially along axis A (Z 
direction) , as by sliding, to provide axial compliance to 
15 the tip I2d when the substrate is encountered. 

In certain practical embodiments, for mounting the 
pins, two vertically spaced horizontal plates 9 and 11, 
shown in dashed lines, are joined to form carrier 17 that 
moves in X,y and Z directions for carrying the pin 
through deposit , cleaning and resupply motions. The 
upper plate 9 is at a selected distance from the lower 
plate and applies a constraining force F^ to constrain the 
angle of the pin, and hence the position of its tip 12d, 
within selected tolerance. 
25 • Lowering carrier 17 causes the precisely 

positioned tip 12d to engage substrate R, whether the 
substrate be found at level 20, 20a or 20b in the design 
range. Upon engagement with the substrate, the pin 
stops. Fxirther downward movement of the carrier 17 
30 occurs with the compliant pin remaining stationary above 
its seat, while reverse movement of the carrier causes 
the pin to reseat on its support. In this way the 
vertical movement of the carrier need not be controlled 
with high accuracy, and proper contact with the substrate 
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can occur over a range of tolerances in the height of the 

substrates . 

The lateral bias force F^. for laterally 
constraining the pin to a reference position, can be 

5 applied to deposit pin 12 in numerous ways that permit 
axial movement of the pin relative to its carrier 17 when 
the pin encounters the substrate. Fig. IB illustrates 
application of lateral bias force by miniature spr-ing- 
loaded bearings that urge the pin toward an inside corner 

10 defined by reference surfaces Refi and Refj, but leave it 
free to move axially. Figure IC illustrates tilting the 
longitudinal axis A of the pin relative to the vertical, 
in a manner that the weight of the pin applies to itself 
a slight turning moment that biases the pin against 

15 reference surfaces Refi and Refj but leaves it free 
eucially . 

Other techniques include introducing bias by an 
eccentric load or by other loading techniques. Magnetic 
attraction can also be employed to draw the pin to a 
20 defineci comer or a particular arc of a conical seat, 
using permanent magnets or electromagnets. Likewise, 
electrostatic forces can be employed, e.g. by imparting a 
charge to a region of one of the members relative to the 
other and employing a dielectric layer to prevent 

25 discharge so that the attraction persists at the time of 
approach of the deposit pin toward the substrate. The 
vertical effect of such loading techniques can be 
sufficiently small to be overcome by axial force on the 
pin, to enable axially compliant motion of the pin. 

30 Figs. ID, IE and IF show that tangent planes Pi 

and Pj to a segment of a conical seat (Fig. IE) against 
which a pin is Urged effectively define two reference 
surfaces set at an angle to one another, that act in the 
manner as explained to resist lateral movement of pin 12 

35 in both X and Y directions. The same is true for other 
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surfaces of revolution that define seating surfaces. 
Preferential seating upon a given segment of the seating 
surfaces may be achieved by the loading techniques 
previously described. 
5 Figs. 2, 2A and 2B, show embodiments that employ a 

surface of revolution for supporting the pin in a 
laterally constrained manner. 

Fluid deposit pin 12, (associated with a fluid 
supply such as mobile multiwell plate MW or associated 
10 supply ring 14) , is constrained between upper and lower 
plates 9 and 11 of carrier 17. Carrier 17 moves in the 
direction of arrow Z for supply and deposit actions. In 
each case of Figs. 2, 2A and 2B, an enlarged portion of 
the pin 12a rests normally in a seat 13, 13a or 13b in 
15 plate 11 which bears the weight of the pin. The pin is 
free to be displaced relatively upwardly from its seat, 
as shown, upon contact of tip 12d with substrate 20. 
When the pin 12 rests in its seat, the X,Y position of 
tip 12d of the pin is defined by the degree of perfection 
20 of the pin 12, the relative distance to the upper 

supporting plate 9, the clearance between upper portion 
12c of the guide pin and the guide hole 19 in plate 9, 
and, as indicated above, a preferred feature in the 
system that applies a definite (though permissibly 
25 slight) lateral bias of the pin to a given side of the 
engaging structure. For this purpose, in Fig. 2, 
compression spring 22 is disposed between upper plate 9 
and upwardly directed ledge 24 of pin 12. The spring is 
fixed in position and applies its downward force with 
30 slight and predictable asymmetry relative to center axis 
A, to bias the pin to a given side, to ensure repeatable 
positioning of the pin on the same region of its seat on 
plate 11. Spring 22 is sized and arranged to also 
provide compliant pressure of tip 12d of the pin on the 
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sxabstrate 20, taking into consideration also the mass of 
the pin. 

in the arrangement of Fig . 2 ' , the lower part of 
spring 24* tightly engages about the pin to secure it 
5 rotationally, while an upper leg 22a of the spring 

extends into a hole in plate 19, to serve as a stop. In 
this way the rotational position of the pin is secured so 
that variation in its shape will not introduce variations 
in position during repeated actions. 
10 The sizing and nature of the spring can be 

selected to provide a high natural frequency for the 
system. In the various embodiments thus far described, 
the pins are axially slidable relative to their supports 
and friction contact produces a desirable degree of 
15 damping of the motion during rapid reciprocation. In 
other cases, damping material may be associated with the 
spring or other moxinting of the device. 

In the arrangements of Figs. 2A and 2B the pin is 
also biased laterally, e.g. by use of spring 22 or 22', 
20 by angling the long axis of the pin a few degrees from 
vertical (with the axes of all adjacent pins being 
parallel when an array of pins is employed), etc. 

The pins of Figs. 2, 2A or 2B in cylindrical form 
are readily formable to a suitable degree of perfection. 
25 The distance D (Fig. 2) is readily selectable, 

considering that, for a given clearance allowance between 
the hole of the upper plate and upper pin portion 12c, 
increase of distance D decreases the possible disturbance 
of the pin from its nominal orientation due to 
30 manufacturing variation^ etc. Thus, while the bottom 

plate 11 of these embodiments defines the vertical level 
of the tip of the pin 12d, the top plate 9 is located 
sufficiently above plate 11 that its spacing and the 
angles produced establish the lateral position of the tip 
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Of the pin within desired tolerances for precise deposit 
of dense arrays on the substrate 20. 

It is seen from Figs . 2 , 2A and 2B that the driven 
pin carrier structure 17 travels downwardly sufficiently 
5 to ensure that tip 12d can reach the lowest level 20b of 
the range of permissible levels. As in previous 
etnbodiments, the tip 12d is axially compliant in the 
sense that the pin can yield in position so that, when 
encountering the substrate, it exerts only a controlled 
10 light pressure on the substrate before it lifts from its 
seat . 

In Fig. 3, the enlarged part 12a' of pin 12^ and 
seat 13c have complementary conical surfaces normally 
engaged unless the tip 12d' is engaged with the substrate 
15 (but shown disengaged for purposes of illustration) . The 
upper end surface 12g of the enlarged body portion 12a' 
is sloped in a selected direction as explained further 
below and a rigid ball bearing 38 bears on the sloped 
surface at a point offset from central axis A. A weight 

20 39 rests upon ball 38, being housed by a bore in spacer 
block 41 upon which the upper and lower plates 9 and 11 
are affixed. The spacer block is advantageously of a 
low-friction engineering plastic such as Delryn. The 
weight 39 is of selected size to adjust compliance to the 

25 degree desired for the deposit tip l2d' and to apply a 
slight turning moment M,, to the pin toward a portion of 
the conical seat, (see Fig. 1), via the eccentrically 

located ball. 

AS seen in the cross-section of Fig. 3A, weight 39 

30 is of cylindrical configuration, free to rotate about 
axis A with turning of the ball to avoid applying undue 
drag. The main body 12a' of the pin, however, is of 
square cross-section and is disposed in square channel 42 
in spacer block 41 of like configuration. This prevents 

35 pin rotation so that orientation of the upper end face 
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12g and top 12d' remain constant. The slope of surface 
12g relative to axis A and the flats of the square 
section of the pin are cooperatively related to cause 
engagement with square channel 42. This is accomplished 
by sloping surface 12g toward a corner of the square 
channel. Thus deposit tip I2d' resides at a constant, 
precisely defined lateral position by cooperation of 
eccentric weight 39, the segment of the conical sfeat 
against which the pin is urged by the weight, and by the 
prevention of pin rotation. By use of a selected weight 
(instead of a spring) . the spotting force upon the 
substrate is constant over the range of possible heights 
of the receiving substrate, which can enhance 
repeatability of spot size over that range. 
15 Such lateral arrangements are important when 

employing microtips in arrays that require precise 
positioning such as high density arrays. 

The features previously discussed, i.e. lateral 
reference of the pin, axial compliance, stability, high 
20 natural frequency, and danping can also be simultaneously 
achieved by flexure mounting of the deposit pin as shown 
in Fig. 4A. Two similar and highly compliant planar 
flexures 70a, 72a have similar elasticity, but one of 
them, flexure 70a, is made of a highly stable material, 
25 e.g. metal spring, while the other flexure, 72a, provides 
good damping properties. 

The stable flexure 70a is preferably manufactured 
by photo etching a thin metal sheet, such as 0.002 -inch 
thick stainless steel, which exhibits high stability and 
30 low rigidity but has poor damping properties. The other 
flexure 72a, preferably equally compliant, is provided 
with desired dan5>ing properties, and is less stable. The 
second flexure 72a, for instance, is constructed as a 
bonded sandwich of two identical photo-etched thin 
35 plastic sheets 61 such as 0.005 inch thick polyamide 
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resin, e.g. Kapton® from duPont. An energy absorbent 
bonding agent, e.g.. of thickness t of .002" provides a 
damping layer 77 between these resin sheets. The bonding 
agent may be a thin coat of rubber cement such as 
5 available from 3M as ID # 62-60065-4826-1 or 3M double 

sided tape #927. 

In an alternate construction shown in Fig. 4B, 
flexures 70b. 72b are identical, each being a sandwich of 
one metal layer 73 and one resin layer 75 bonded together 
10 by rubber damping layer 77. Compliance similar to that 
of Fig. 4A is achievable with the selection of material 
of appropriate thickness, such as either a stainless 
steel layer 0.0016 inch thick or a copper-beryllium layer 
0.0022 inch thick, bonded by the damping layer to a 
15 polyamide layer 0.005 inch thick. 

The physical properties of the flexures can also 
be tailored to the particular need by change in geometry 
of the flexures. An example is the provision of cutouts. 
In manufacture, a large-area bonded sandwich of 
20 all three materials may be fabricated and the shape of 
the flexures can then be produced by photo etching the 
desired outline and any cutouts. 

In a cluster of deposit pin assemblies of the type 
shown in Figs. 4, 4A and 4B, such as shown in Figs. 24A 
25 and B described below, with 9mm spacing of pins to 

correspond with the spacing of wells in a 96 well plate, 
the flexure elements are preferably 8ram wide and 22ram in 
length, and two or more of the pin and flexure assemblies 
are mounted in parallel, side by side, at 9mm pin 
30 spacings. Preferably two sets of such assemblies. 

disposed head-to-head as described below, are employed at 
gram pin-to-pin spacings, so that an X,Y array of pins is 
achieved. 

B. Mobile Fluid Reservoirs 
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And Inte-raction With Dep osit Pins 
For making a succession of deposits of the same 
fluid, as when preparing a number of microscope slides or 
membranes or providing redundant deposits on a single 
5 substrate, a mobile sub- reservoir, periodically re- 

supplied from a stationary central supply, travels with a 
deposit device to be near the deposit locations. 

As illustrated in Fig. 7, a deposit head comprises 
the deposit pin P. of Figs. 1 or 4, and the sub-reservoir 
10 SR which is sized to contain sufficient sample to enable 
deposit of a number of dots before being resupplied. 

After deposit of drop F at target S, e.g. on a 
microscope plate R or a plate carrying a delicate or soft 
membrane, the assembly proceeds to plate Ri, pin P is 
15 resupplied with drop Fj by being dipped into and raised 
from the accompanying sub-reservoir SR, the new drop is 
then deposited at target point at plate Ri, and so on. 

The system is especially useful for preparing a 
number of microscope slides or membranes as illustrated 
20 in Fig. 8. The central fluid supply CS advantageously is 
a multiple well plate as conventionally used in 
microbiology, such as a 96 well plate. Cleaning and 
drying stations CL are also provided. The deposit 
sequence includes moving the assembly of deposit device 
25 and mobile sub-reservoir vinder computer control through 
cleaning and drying stations CL, thence to central supply 
CS at which the sub reservoir SR is supplied with a 
selected fluid sample, e.g. from a selected well of a 96 
well plate. Then the group moves over a series of 
30 receiving surfaces R-R„, for deposit of fluid dots at 
selected locations on each, also under computer control. 
This sequence is repeated a number of times, with 
controlled selection of different fluid samples (from, 
e.g., different wells of the central supply CS) for 
35 respectively different locations on the plates R or other 
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receiving surfaces. Data that correlates locations with 
respective "specimens is recorded in memory and used in 
subsequent scanning or reading. 

The technique of using a deposit tool that 
accurately sizes each individual drop, such as the 
deposit pin with square rim profile at its microtip, 
combined with a mobile local sub-reservoir that 
accompanies the tool and carries a volume sufficient to 
supply a sequence of deposits, has a number of important 
advantages. The technique, based on small motions, saves 
time in avoiding repeated travel to a central supply; it 
avoids evaporation losses of long travel, so that the 
drop created can be very small and the deposited array 
very dense; and the dots can be kept consistent in size 
and concentration or biological content across the array 
of dots being deposited. The time overhead involved in 
cleaning, transporting and picking up the specimen is 
kept small so that, overall, deposits can be made very 
fast, inexpensively and of desired small size. 

In this way a large number (for instance ten to 
one hundred) identical microscope slides or membranes can 
readily be prepared by repeated motions over an array of 
the slides or membranes. Each substrate can carry dots 
of many different fluids based upon resupply of the sub- 
25 reservoir from different wells of a number of multiple 
well plates introduced to the system. 

The stib- reservoir and the deposition device are 
decoupled, in being movable relatively to one another for 
resupply and for deposit, as well as being coupled or at 
30 least coordinated, to move laterally over the receiving 
surface to produce the series of deposits. The sub- 
reservoir can move into a resupply position, e.g. by 
immersion into a well, or under a suitable pipette. It 
can be made to hold sufficient fluid in excess of that 
35 required for the sequence of deposits, or to expose a 
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sufficiently, limited evaporative area, that concentration 
of the substance of interest in the fluid is not 
substantially affected by evaporation during the multiple 

deposit sequence. 
5 Thus we have described deposit devices . constructed 

to precisely define a single fluid drop of desired size, 
obtained from a mobile sub-reservoir, deposit the drop at 
a precisely positioned, discrete location and return by 
local movement to the sub-reservoir for another drop. In 
10 the preferred embodiment of Figs. 7 and 8 an axially 
reciprocable deposit pin. as illustrated in Fig. 1, is 
employed for this purpose in conjunction with an 
accompanying sub-reservoir in which the pin is directly 
dipped. Alternatively, a probe that dips into a local 
15 sub-reservoir as by coordinated rotational or 

translational motions of a wire or pin, can accomplish 
this action, as can other designs. 

Referring now to Fig. 9 and 10, another preferred 
mobile sub-reservoir is an annular ring 14 which, as 
20 depicted, holds fluid between its interior opposed 
surfaces by surface tension effects. 

Deposit pin 12, having a sharp rim 12 f at its tip, 
of diameter d selected to produce the desired size of the 
deposited dot, is mounted in axi-symmetric relation to 
25 sub-reservoir ring 14. Ring 14 has an internal diameter 
di significantly larger than the pin diameter such that 
fluid space f s exists between the pin and the inner 
surfaces of the ring. As shown in Figs. 9E and 10, the 
outer diameter d, of ring 14 is sized smaller than the 
30 well 19 of a central supply plate, 21, so that the ring 
can be immersed in it for supply. 

During the deposit sequence of Figs. 9A-9D the 
ring 14 is held stationary by its support rod 15 while 
the deposit pin 12 is moved by ah associated driver D 
35 through a sequence of vertical positions. In the start 
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position, the end 12d of pin 12 is drawn above the lower 
surface of the retained fluid R, held by surface tension 
effects between the internal surfaces of ring 14. This 
is shown in Fig. 9A. (The pin. for illustration, is 
5 shown withdrawn fully above the retained fluid Rj, 
although that is not necessary.) 

Comparing Fig. 9A with Fig. 9, by downward 
movement of the pin tip from above the lower surface of 
the retained fluid Rj (Fig. 9A) , to below that surface 
10 (Fig. 9), the tip of the pin, with its sharply defined 

rim, picks up from the retained fluid Rp a precisely sized 
volume of fluid as drop F. The drop is then deposited in 
the sequence shown in Figs. 9C and 9D. 

At the resupply position of Fig. 9E, the annular 
15 ring 14 is moved downwardly by its support rod 15 for 
immersion in the well of the supply plate while the pin 
12 remains stationary at a higher elevation, Fig. 9E, or 
it may assist in the resupply action, see Fig. 9L, 
described below. The ring is moved by associated driver 

20 Di, Fig. 9A. 

At cleaning and drying stations, Figs. 9F and 9G, 
the lower surfaces of the pin 12 and ring 14' are shown 
vertically aligned (the ring here shown as a cylindrical 
ring) . 

25 At washing station. Fig. 9F, the ring and pin may 

both be subjected to reciprocation in the vat of cleaning 
solution in the same or opposite vertical directions to 
assist the cleaning process. The wash station may be an 

ultrasonic bath. 

30 The multipurpose station illustrated in Fig. 9G is 

sized to receive deposit pin 12 and supply ring 14. It 
has an annular nozzle 200 directed inwardly against the 
pin and ring to subject the parts to a conical flow from 
fluid sources such as compressed air, pressurized liquid 

35 and aerosols. The flow is directed past the parts 12, 14 
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to a trap having disposable filter 202 that intercepts 
material being removed from the parts. The trap may be 
associated with a vacuum pump. As shown, nozzle 200 is 
associated with a secondary air path 204 to enable nozzle 
5 flow to induce a flow of secondary air when desired. 

The system of Fig. 9G is useful to remove sample 
liquid from the parts, to effect cleaning, and to dry the 
parts. For example the pin and ring are first exposed to 
one or more simultaneous or successive fluid currents or 
10 blasts of continuous or pulsed flow that blow remaining 
sample fluid from the parts and into the trap. 
Subsequently, a fluid stream of liquid or air may expose 
the parts to cleaning fluids such as liquid streams or 
aerosols containing water-borne detergent. This is 
15 followed by rinsing with pure water from the nozzle. 
Following washing, an air current from the nozzle, 
supplemented by induced air flow 204, can dry both pin 
and ring, in which case the air streams may be heated. 

Supply from wells of 96 well plates, for deposit 
20 of the restricted amounts of fluid that result from PGR 
(polymerase chain reaction) present a particular problem. 
Referring to Fig. 9H, wells 100 are made to hold 
. extremely small volumes of fluid, typically 2 to 10 micro 
liter (1 micro liter = 1 cubic ram). These wells are 
25 typically cone-shaped with the top diameter about 6 mm 
and the bottom shaped as a semisphere about 2 mm in 
diameter. Liquids, even of low viscosity, for instance 
water, are so held by surface tension in such a well that 
volumes up to 15 micro liter can be held against gravity 
30 when the plate is inverted. Smaller amounts of such 
liquids to supply a sub-reservoir ring are difficult to 
extract from the narrow wells due to the aggregate 
effects of surface tension, gravity, inertia and vacuum. 

For removing liquid from such wells a supply ring 
35 14 is provided with a special fluid retentive surface. 



wo 99/36760 



PCT/US99/00730 



- 45 - 

one example is the provision of internal surface 
roughness of at least 1000 micro inch. This causes the 
central region of the ring effectively to have superior 
hydrophilic properties, i.e. a better "grip" on the fluid. 
.5 by surface tension effects. This permits the. uplift of a 
suitable volume of fluid from a container of 
approximately mating shape. The exterior surface of 

the ring may also be provided with a fluid retentive 
surface to supplement surface-tension effects of the 
10 ring, to compete with the retentive properties of the 
well . 

Surface roughness of the internal or exterior 
surface can be obtained by sanding, broaching or by 
machining the part on a lathe with a tool or a tap. The 
15 ring can also be manufactured from suitably coarse 

particulate material that is sintered or molded with a 
binder. Likewise a durable coating can be applied such 
as formed by carbide particles. 

AS shown in Fig. 91, in one preferred embodiment, 
20 a cylindrical ring 14A of stainless steel has a height h 
of .050 inch, an inner diameter of .060 inches and an 
outer diameter D of 0.080 inch. It is tapped by a tool 
having 80 threads per inch, that produces a thread height 
d and pitch p of 0.012 inch, (the internal diameter is 
25 much larger than the diameter of the deposit pin P with 
which it is used) . AS shown in Fig. 9H, an annular ring 
provided with surface roughness in this way is effective 
to pick up liquid from the conical well of a PGR plate. 
Despite the desired surface tension effects produced by 
30 the internal ring surface, it has smooth surface 
increments that promote good cleaning. 

Also shown in Figs. 91 and 9J is support rod 15 
e.g., of 0.15 inch diameter stainless steel wire, 
soldered or spot welded at 104a to the exterior of the 
35 ring. It drives the ring in its motions, and provides 
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lateral and axial compliance for adapting to any 
misalignment entering a narrow well. 

In Fig. 9K is shown a form of pin and ring 
assembly in which fluid contacting surfaces of both ring 
5 14 and pin 12 are defined by a special substance 21 

having a surface energy in excess of 2500 millinewton per 
meter rtU/m) . preferably provided by tungsten layers T. 

Figs. 9K and 9L show an advantageous relationship 
of pin and ring for resupply of the ring. When the ring 
.0 is immersed in selected well W of a multiwell plate, the 
pin is present within the confines of the ring, to help 
the ring pick up the fluid. Their surface tension 
properties effectively cooperate to coitqpete with the 
surface tension effects of the walls of the well that 
L5 resist removal of small quantities of the fluid. In the 
presently preferred relationship, the bottom tip surface 
of the pin is substantially aligned, with the lower 
surface of the ring. Withdrawal of the assembly from 
immersion in well W withdraws a desired amount of fluid, 
20 pendent as a large meniscal drop, bounded by the pick up 
ring. Fig. 9M. This quantity, protected and supported by 
the ring, is then available for deposit in tiny drops by 
repeated projection of the pin through the ring, see 
dotted lines. Fig. 9K. 
25 The sub -reservoir ring may have various 

advantageous forms such as axial ly adjacent circular 
rings, mult i- turn helical shapes, closed cylinders, open 
rectangular rings, open "U" shaped structures, etc. Thus 
the term "ring" or "annular ring" as used generally 
30 refers to any closed or partially closed structure that, 
through surface tension effects between adjacent or 
opposed surfaces, supports a volume of liquid in a space 
through which a deposit device such as deposit pin 12 can 
operate. The size of the opening or bore of the ring, as 
35 well as the size, for instance, of wire or ribbon that 
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forms the cross -sectional shape of the ring is selected 
in relation to the properties of the fluid (e.g. 
viscosity and surface tension) , the number of deposits to 
be made from a given fluid charge in the reservoir ring, 
5 and the size of the deposit pin that is to move through 
the ring. 

The size and shape of the deposit pins that 
cooperate with these and other sub- reservoirs also vary 
depending upon the application. It is possible to employ 
10 pins of various transverse cross-section, e.g. square or 
hexagonal or even rectangular or oval cross-section of 
equivalent area to round cross-section pins. Especially 
for small dots, the pins may advantageously have stepped 
transverse cross- sections, e.g. may have an extremely 
15 small cross-section at the deposit end, to size the 

deposited drop, stepped to a larger cross-section in the 
main body, for providing structural stability. An 
example is shown in Fig. 2B. 

For implementing the broad concept of a local, 
20 mobile supply, other techniques than those shown can be 
employed. An example is a large dip rod, an enlarged 
version of a deposit pin, from which a large drop 
depends, which travels with the pin and is visited by the 
pin by a suitable motion, such as rotation. 

25 C. Operatin g Systems 

Some advantageous, novel operating systems that 
implement the foregoing principles will now be described. 

nx p K. nOT SYSTEM 
The mobile reservoir MW shown in Fig. l is shown 
30 multi-celled, to represent a multi-well plate. Under 
computer control, an appropriate X,Y stage brings the 
chosen fluid resupply well in alignment under the pin. 
The" pin is then controlled to descend, make contact with 
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(dip into) the reservoir fluid and rise, taking a small 
amount of fluid in the form of a pendant drop. 

The pin is raised sufficiently to permit the pin 
and reservoir to separate e.g. by computer controlled 
5 sideways movement of the reservoir, freeing the pin to 
descend unobstructed to deposit its small fluid drop on 
the targeted location on the substrate. 

With appropriate transport motions of pin and 
multi-well supply, the process is repeatable at each 
10 location where a sample of the selected fluid is desired, 
the fluid in the proper well being repeatedly brought 
into alignment with the proper pin for resupply and 
deposit in the desired location by computer control. 
Each time a pin is commanded to receive a fluid from a 
15 well different from that of its previous command, the pin 
is moved by cotiputer control to a liquid removal, 
cleaning and drying station, to prevent contamination. 

For efficient operation, a. multiplicity of pins 
may be used, see e.g. Pig. 24, at spacings that match the 
20 pattern of wells, enabling each pin to reach inside a 

separate well of the multiple well reservoir such as a 96 
well plate or a 384 well plate, as are known in the field 
of biochemistry and analytics. 

The pin assembly and its driving mechanisms are 
25 preferably mounted on a precision XY gantry as they 
require good positional accuracy. The multiple well 
plate may be provided with two degrees of freedom in a 
plane parallel to the deposition plane and can be indexed 
under the pin assembly on a separate structure. Because 
30 of the relatively large size of the wells, the 
translation assembly for the plate may have lower 
positional accuracy than that of the pin. In the 
embodiment of Figs. 11 and llA, however, the mult i -pin 
assembly and the mobile multiwell reservoir MW share 
35 the same X,Y gantry to advantage. 
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Rail support 60 of Fig. 11, constsnicted e.g. to 
support linear motor movement in the Y coordinate is 
mounted on an X stage 62, motor not shown. As shown, Y 
direction linear motors #1 and #2 respectively drive the 
5 pin assembly P^, and the multiwell reservoir MW in the Y 
direction. The reservoir has a secondary linear motor 
driven by a further driver for X movement of the 
reservoir relative to the pin assembly. The pin assembly 
also has Z freedom of controlled movement, driven by a 

10 fxirther driver Z. 

Under computer control, the multiwell reservoir 
separates, in the Y direction from the pin assembly as 
shown in Fig. 11, and the Z stage is actuated to cause 
the pins to form deposits upon substrate R. Then, Fig. 
15 llA, the multiwell reservoir moves under the raised pins 
into appropriate alignment, employing both Y^ and X^ 
motions under computer control. By Z motion the pins 
dip into the commanded wells for resupply. The pins rise 
again, the multiwell reservoir moves laterally with Y^ 
20 motion out of the way and the deposit process is repeated 
at new targeted X,Y location of the pins on substrate R 
or Ri- While this mobile reservoir technique is useful 
with pins of any construction, the advantage of high 
accuracy of the linear motor indexing system is enjoyed 
25 when the pins are constrained in space to a highly 

accurate repeatable position relative to their carrier, 
either with the high density pin arrangements made 
possible by the structures described with respect to the 
various Figs. 1, 2, and 3 or the flexure mountings that 
30 have been described with respect to the Figs. 4. 

MULTIPLE PTW PATTERNS 
In the preferred embodiment of Fig. 12, two rows 
of 4 pins P, preferably constructed according to Figs. 1- 
4 are spaced apart in a 9 mm square grid pattern matching 
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the spacing of the wells of a 96 well plate. This 
permits transport of fluid from all 96 wells, 8 wells at 
a time to an assembled array of microscope slides, 
according to the scheme of Figs. 13 and 14, and directs 
5 the composition of 8 spaced apart blocks of approximate 
dimension each 8 x 8mm on each slide, covering in total 
approximately 18 x 36mm sq. Each pin deposits in a 
respective one of the 8 blocks simultaneously with a 
single actuation of the Z drive. The head repeats the 
10 action on each of the set of slides with the same fluid, 
and is then cleaned to be ready for fluid from different 
wells. The same pin may be used to deposit the same 
fluid at a number of directed positions in a given block, 
and/or upon the corresponding block of a number of slides 
15 each having the set of 8 spaced apart blocks, the 

deposits on the slides being much closer than the spacing 
between wells. By following the sequence shown in Fig. 
14, all wells may be visited by respective pins. Figure 
15 and the magnified view of Fig. 15B show the array 
20 produced by the system and method described on a single 
slide. (Actually the dot size in practice is much 
smaller than illustrated and dot density much greater, 
e.g., with as many as 50,000 or 100,000 dots carried by a 
single slide.) 

25 In a similar preferred embodiment, shovm in Figs. 

16, 17, 18, 19, and 19B a grid of 12 pins has 2 rows of 6 
pins each. Fig. 16, again spaced apart in a 9 mm square 
grid pattern to match the spacing of the wells of a 96 
well plate. This arrangement permits the transport of 

30 fluid from all 96 wells, 12 wells at a time, and directs 
the composition of 12 spaced apart blocks of approximate 
total area 18 x 54mm sq. Figure 19 shows such an array. 

With either arrangement, the method is performed 
under computer control to form a much more densely packed 

35 array of fluid dots than that occurring in the multiwell 
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plates, e.g. aanrays of 20 micron to 375 micron diameter 
dots with similar spacing between dots, using all. fluids 

in the plate. 

Just as the pins are located on 9mm centers, the 

5 square arrays themselves are distributed on 9mm centers 
over the face of the substrate. By following the pickup 
sequence shown in Fig. 14 (rows 1 through 2, and columns 
A through H) , by repeated samplings, all wells are' 
visited, the pins being conveyed under computer control 

0 to the cleaning station, not shown, between change of 
fluids. The contents of the multiwell plate or a number 
of plates are thus distributed from the low density 
distribution of wells in multiwell plates to high density 
arrays . 

.5 Similarly, referring to Figs. 16-19, again using 

9mm pin spacing, with two rows of 6 pins each, a sequence 
of samplings from the wells under computer control 
collects samples from all wells and uniquely distributes 
them as high density array deposits in 12 squares on the 
20 microscope slides or other substrate with array and slide 
dimensions as shown in Fig. 19. 

The benefit of such groups of pins is to create a 
large number of deposited dots simultaneously on one or 
many microscope slides or substrates. This can 
25 substantially reduce the time and cost required to create 
high density arrays. 

The assemblage of pins on a 9 mm square grid can 
also be used to transport fluid from plates with well 
spacing constructed on a square grid that is based on sub 
30 multiples of 9mm, such as plates with 384 wells or 864 
wells or 1536 wells, etc. The high accuracy of the 
computer controlled gantry system enables accurate 
placement of the selected wells with respect to the pins, 
and the pins with respect to the receiving substrate. 
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It is evident that using the same logic, pins can 
be assembled in denser constructions to fit plates with 
smaller well spacings. 

The denser the array, the tighter the location 
5 tolerances for the location of each small dot* The 
systems of laterally constrained deposit pins described 
in Figs. 1-4 are particularly capable of repetitive 
production of precise high density arrays. Using these 
principles, the mode of supplying the tips with fluid can 
10 be selected in reference to the nature of the fluid as 
well as other operating parameters. A ring supply mode 
will now be described. 

PIN & RING SYSTEM 
The pin assemblies as shown in Figs. 1-4 can be 
15 used with a sin5)le axial ring translation mechanism. As 
the fluid needs to be picked up from a rather large well, 
a sufficiently conpact arrangement of multiple pins and 
supply rings is possible. Figure 20 shows the 
relationship of a pin and ring without their support or 
20 actuation mechanisms. Seen in Fig. 20 are supply ring 
14, pin tip 12d, ring body 35 from which a support rod 
segment 15 extends to the ring 14, pin shaft 12b, the pin 
seat 13 formed on pin body 12a and pin guide 12g. Fig. 
20A shows a set of four such pin and ring assemblies. It 
25 is evident that any number ccua be assembled in this 
fashion. Figure 21 depicts a 4 pin and ring assembly 
where one can see the pin holding structure, according to 
Fig. 2, and the ring holding structure and their 
respective linear stepper motors Z^, and Zj that enable 
30 relative vertical motion. The Z^ motion for deposit on a 
receiving surface preferably involves overtravel, the 
coti5>liance of the deposit pins relative to the receiving 
surface ensuring proper deposition over a range of 
surface heights. The respective supporting linear guide 
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rails for X and Y motion provide a complete array- forming 
mechanism. Fig. 22 illustrates a commercial realization 
of the design which attaches to the Y stage linear motor 
of Fig. 21. 

5 Referring to Figs. 23, 23A, and 23B, deposit pin 

12 in this case is mounted on a parallelogram, cantilever 
construction. Spaced-apart planar flexures 60 are 
mounted in parallel on a mounting block 62, sandwiched by 
mounting plates 64 and 67 against the intervening block 
10 62. These flexures extend in cantilever fashion to 

intermediate block 66, arranged to be engaged by pusher 
rod 68 associated with a prime mover 76, Fig. 23B. 
Extending further in cantilever fashion from intermediate 
block 66 are parallel flexures 70 and 72 which include 
15 cut-outs 74 that render the flexures weak and highly 

flexible (cotr5)liant) . At the end 79 of weak flexures 70 
and 72 is mounted deposit pin 12. The condition of no 
force being applied to the structure is shown in Fig. 23 
in which the flexures are horizontal, the weight of the 
20 pin being borne by the mounting structure. In Fig 23A, 
force applied in the direction of the arrow 68 results in 
deflection of the stiff flexures 60 to the shape shown, 
such that block 66 remains parallel to the receiving 
surface and deposit pin 12 remains in perpendicular 
25 position to the receiving surface. (Thus the relatively 
stiff flexures 60 and the associated driver perform the 
function of a precision stage.) 

The flexures may be comprised of synthetic resin 
cut to shape, e.g. polyamide resin, available as Kevlar™, 
30 from duPont, or etched from thin spring metal such as 

beryllium copper or stainless steel. Advantageously both 
the stiff and weak flexures are formed continuously from 
a single sheet of spring stock. 



wo 99/36760 



PCTAJS99/00730 



- 54 - 

In Fig. 23B pusher 68 is driven by rotary motor 76 
via lead screw, not shown. The sxib- reservoir ring 14, 
moxinted on support rod 15, likewise is driven by motor 82 
via a lead screw, for vertical motion of the ring. 
5 The motor may advance the pusher 68 a . 

predetermined distance from a home position for each 
deposition action, or to the level of a position sensor 
which terminates the motion. The microscope slide or 
other substrate surface R may lie at slightly different 
10 levels due e.g. to permitted manufacturing tolerances. 
The stop position of pusher 68 involves sufficient 
overtravel to ensure contact of the deposit pin 12 with a 
microscope slide or other object of the least thickness 
within the tolerated range of thicknesses. The 
15 compliance provided by weak flexures 70 or 72 (or the 
other arrangements discussed above) , ensure, if the 
microscope slide or other substrate is considerably 
thicker than normal, that the deposit force will still 
not exceed a predetermined value, typically less than 1 
20 gram, preferably less than 0.5 gram, for ensuring precise 
dot formation and protection of the tip of the pin. 

Figure 24 shows a deposit cluster 28 of 
independently operated deposit pins, formed by a number 
of the deposit assemblies described in the Figures 1-3 
25 and 4. Cluster 28 includes, not shown, a number of 
independent drives D and D' , one to drive each pin and 
one to drive each ring in Z direction for picking up and 
depositing fluid, and sensors to indicate to the control 
electronics the position of the operative elements. 
30 There is a home sensor for each deposit pin 12 and a home 
sensor for each ring 14. The devices are ganged 
mechanically for X or X,Y movement, positioned by a 
common electronic control. (Motion only in the X 
direction is employed when a stage is provided to advance 
35 the receiving substrate in the Y direction) . 
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The cluster 28 may step to a selected X or 
selected X,Y position, at which a number of different 
motions under computer control may be caused to occur, 
picking up and depositing fluid in any order at any 
5 location desired. Such a cluster constitutes a 
particularly versatile tool when employed with 
conventional microtitre plates. 

In such embodiments the aliquot carrier rings 14 
and pins 12 are spaced in the cluster at 9mm center-to- 
10 center distances or multiples thereof to facilitate 
operation with 96 well plates (in which the wells are 
spaced at 9 mm on center intervals, with 8 rows of 12 
holes) . Higher density plates also employ this 
configuration and have the same footprint but employ more 
15 holes, 16 X 24, with hole-to-hole resistance of 9/2 mm, 
to provide "384 plates". The arrangement of Fig. 24 
enables use of the higher density plates with existing 
automated 96 well plate handling equipment. The system 
described can be employed with both types of plates, as 
20 well as any arbitrary arrangement. 

The versatility of the cluster of independently 
operable deposit pins is illustrated by the following 
examples . 

Sxab- reservoir rings, e.g. set at 9ram center-to- 
25 spacing, may be indexed in X,y direction along with their 
pins and the rings may be driven down (or dropped) 
simultaneously for supply or resupply from four wells of 
a conventional 96 or 384 well plate, in an action similar 
to the systems previously described. 
30 After suitable indexing, the four pins may be 

driven down simultaneously to form deposits at four 
places, in the same format as the supply plate. 

Alternatively, during resupply, one sub-reservoir 
ring may be dropped to pick up material from a selected 
35 well while all others remain in their passive positions. 
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Then the cluster may be moved until the next ring arrives 
at the same well or another selected well, at which point 
it is dropped to pick up its aliquot, and so on, so that 
all of the rings may have the same fluid from the same 
5 wells or different fluid from any selected wells. 

The cluster 28 may be moved in X,Y direction 
between pickup or deposit actions of successive pins so 
that, e.g. all of the pins deposit the same or different 
fluid on a single slide at selectable addresses or each 
10 pin addresses a different slide, but at a different 

location, or two pins address one slide and two another 
slide, or the deposits are made one on top of another, 
etc. 

The operator may also choose not to have one or 

15 more of the devices operating. 

Thus it is seen that dense clustering of 
independently operable deposit pins and rings according 
to the system of the Figs. 1-3 and the systems of the 
Figs. 4 cem enable high speed, versatile operation. 

20 Actuation of all aliquot carriers simultaneously 

by one actuator and all pins actuated by another single 
actuator, to provide a multiple pin head, realized with 
flexure-mounted pins, are shown in Figs. 24A, 24B and 
24D. Using linear stage techniques, two rows of four 

25 pins 12 at 9ram spacing in both X and Y directions are all 
moxinted on a frame 120 which is reciprocated along rail 
160 via carriage 162 by a single motor D. This causes 
the eight pins to move simultaneously. Likewise, two 
rows of four cooperating rings 14 are mounted on ring 

30 support 124, with the same spacing. The single support 
124 is driven via carriage 126 by one motor D^. In the 
embodiment shown, both embodiments share the same guide 
rail 160. The pattern of dots shown in Fig. 24C is 
formed by a single actuation of motor D, Figs. 24A and D. 



wo 99/36760 



PCTAJS99/00730 



- 57 - 
■ ARRAYER 

The gantry of an arrayer, now to be described, can 
carry one deposit head, a cluster of independently 
operable single pin heads, or a multiple pin head of the 
various designs described above. Combinations of these 
are also possible. 

Fig. 25 is a perspective view of a slide 
preparation machine for preparing microscope slides or 
other substrates such as delicate soft or porous 
membranes carried on rigid supports. Its function is to 
rapidly deposit a high density array of fluid dots of 
different coitpositions on a number of identical 
substrates, en^loying the microdot technology of the 
present invention. As shown in Fig. 25, there are four 
96 well supply plates 31, serving as the central fluid 
source for resupply of mobile fluid storage devices. 

Horizontal base plate 200 provides a support 
structure to hold the operating components. Fastened to 
base plate 200 are vertical sub plates 210, 220, 230 and 
240. Fastened to these plates is a dual axis motion 
system 250, comprising X and Y axis devices 260, 270 for 
providing X and Y motions, in a parallel plane. 

The guide rails of the X and Y axis devices, 260, 
270 are parallel to base plate 200, to carry deposit 
cluster 28 in X,Y motions in a plane parallel to base 
plate 200. 

The X axis device 260 is a commercial device 
available from Adept of Japan. It moves at a high rate 
of speed in a controlled manner using a rotary servo 
I motor with a drive screw and a shaft position encoder, 
employing digital and analog technology. Carried by X- 
axis device 260 is an orthogonally arrayed Y-axis device 
270 which is a smaller version that operates in the same 
msmner as the X-eucis device. 
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The deposit cluster 28 conprises four deposition 
mechanisms, ganged together on a mounting structure as 
shovm in Fig. 24. These devices may be in accordance 
with the various structures shown. 
5 After a deposition sequence is complete, the X and 

Y terminal drives the cluster of depositing elements to a 
cleaning station. In some embodiments they may be passed 
over the wells from which the fluid originated or other 
receptacle and subjected to air blast to dislodge excess 
10 fluid, or excess fluid may be removed by abrupt stopping 
of rapid downward movement to dislodge excess fluid. 

In the system of Fig. 25, the array of pins and 
rings of a cluster 28 may be held over a vessel of water 
for cleaning, as shown in Fig. 9F. The vessel has water 
15 level and a pump constantly replenishes the water. 
Blotting paper or a cellulose sponge may be provided 
against which the pin and ring are blotted for fluid 
removal or drying. 

Alternatively a fluid removal station according to 
20 Fig. 9G is enployed where air flow removes remaining 

fluid from the pins and rings. The array of 4 pins thus 
purged of remaining fluid by air blast is then, by warmed 
air, washed and rinsed by liquid or aerosol streams and 
dried. 

25 Figxire 26 shows the control system of the machine. 

It shows the controls for the X and Y axis movement and 
also home center for the X and Y axis. The actual 
position of the carriage that the lead screw is driving 
is sensed so the carriage can be driven home and then the 

30 counter is initialized so precision motions can be made, 
along both the X and Y axes. Also shown is a schematic 
of the deposition head, one of many. As previously 
described, each deposition head has two motors, a pin 
drive motor and a ring motor, that are commanded from the 

35 control conputer. 
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For deposit on microscope slides including slide- 
like rigid members carrying delicate, soft membranes, the 
slides are fastened to the table, or placed in register 
with guides in a known position. Features on the base 
5 plate of the machine locate the slides in predetermined 

orientation. 

In the preferred embodiment of Fig. 25A, 
microscope slide MS rests upon slide support 30, having 
one end engaged with stop 31 and its other end engaged by 
10 a spring wire 32. Wire 32 extends from a support screw on 
the bottom side of support 30, through a hole 33 in 
support 30, and is biased to the right in the figure to 
engage the slide MS to urge it against stop 31. The 
spring pressure is sufficient to hold the slide MS 
15 endwise in secure, accurate position despite vibrations 
that occur during operation of the machine. 

The slides are mounted side-by-side in subgroups 
of seven slides, with their thin long edges engaged with 
one another. The seventh slide's position is dependent 
20 only upon the tolerances of the preceding six slides. By 
having such sub groups, one is assured that the array is 
properly located. The computer is enabled to "talk" to 
the slide and to record information, as in bar code. The 
bar code reader is mounted on the servo drive 270 of the 
25 Y axis and adjacent to the deposition means 28. The 

sequence starts with filling the multiplicity of rings of 
the deposition device, and is carried out according to 
the control procedure of Pig. 27. 



30 



For use in high volume production contexts, the 
system described in the foregoing Figures 1-27 preferably 
employs a rapidly moving, laterally constrained, axially 
compliant pin, in a deposit cycle of less than 0.1 
second, in which impact and vibration is minimized, with 
the natxiral frequency of the system more than lOHz, in 
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many cases preferably 20Hz, a pin contact pressure of 
less than 1.0 gram, preferably less than 0.5 gram in many 
cases preferably about 0.3 gram, and the system employing 
damping • 

5 Pin pressure on the substrate is light, and fluid 

splatter or separation conditions are thus avoided, 
despite the high speed of action, so that dots of fluid 
of uniform shape are consistently formed at precisely 
controlled positions, even on soft or fragile receiving 

10 surfaces. 

In the deposit action of the deposit pin, by 
raising the pin after contact of the drop on the 
substrate, the combined effects of inertia of the 
stationary fluid and surface tension (and of gravity, 

15 when depositing downwardly, which is normally preferred) 
act upon the drop of fluid to overcome the force of 
surface tension exerted by the lifting pin. The fluid 
drop preferentially stays with the surface of the 
substrate, and the pin, substantially devoid of fluid, is 

20 free to be replenished and move rapidly to its next 
destination. 

As the volume of the fluid is accurately specified 
by use of standard sizes of pin, and standard conditions, 
and the position of the pin is precisely constrained, 
25 spots, dots and microdots of consistent size and precise 
location are produced, that enable an ittproved degree of 
quantification of obsearved results. 

D. Examples of Novel Methods of Use 
The systems described are useful with any native 
30 fragment of DNA, or pre- synthesized oligonucleotide of 
any length. There being no restriction as to chemicals, 
any non-phot oreactive chemical as well as photoreactive 
chemicals can be enployed. Likewise dyes that are useful 
to detect presence or absence of DNA may be selectively 
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deposited in registry with previously deposited spots or 
microdots of biological material, and vice versa. 

Among the many biological materials that may be 
spotted at high speed are fragments of nucleic acids, 
5 e.g. DNA, RNA or hybrids such as PNA (peptide nucleic 
acid), PGR (polymerase chain reaction) products, cloned 
DNA, and isolated genomic RNA or DNA, as well as 
synthetic analogs. 

Also included are restriction enzyme fragments, full or 
10 partial length cDNA, mRNA or similar variations thereof, 
proteins such as protein receptors, enzymes, antibodies, 
peptides and protein digests; carbohydrates; 
pharmaceuticals; microbes including bacteria, virus, 
yeast, fxangi, and PPLO; cells and tissue fragments; 
15 lipids, lipoproteins, and the like; plastic resin 

polymers, small particulate solids in suspension, etc. 

The deposition system may also be employed to 
deposit catalysts, reagents and encapsulents upon 
previously deposited material of any of the types above 
20 or, as mentioned below, to create an array of sites or 
micro-wells for later reaction or growth of such 
material, or to assist in neutralizing or cleaning the 
deposit or reaction sites, as in the case of highly toxic 
or virulent substances. 
25 The most basic use of the arrayer is to create 

high density arrays of nucleic acid on a porous or solid, 
flat surface, generally a microscope slide or slide-like 
support. Deposit on fragile or soft surfaces such as 
micropbrous membranes or gels, glass cover slips, plastic 
30 surfaces, and wells of a microplate, or any substrate, 
which may be previously coated or derivatized, may serve 
as a recipient surface. 

In particular, membranes and gels are desirable to 
enable high density analysis with automatic equipment, 
35 using materials familiar to the field, on which much of 
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the important, historical data has previously been 
acquired. Also, deposit on fragile glass cover slips is 
desirable as they are thinner than microscope slides, 
easier to maneuver, and when a beam of light is 
5 transmitted through them for transmission microscopy, 
better light capture occurs because the slip is thinner 
and less light absorptive. . The system has the capability 
of spotting on plastic surfaces without scarring or 
deforming the surface. 
10 The avoidcUice of such surface deformation can be 

important, enabled by use to low contact forces of the 
con^jliant pins. An undeformed surface can facilitate 
viewing with a confocal microscope, as it assures that 
the deposit remains in the plane of focus. 
15 Use in wells of microplates is itiportant. As has 

been mentioned, the narrow lateral dimensions of the 
deposit pin, and its long length, enable deposit in 
multiple locations on the bottom of a well, or other 
fluid containment region. For example the arrayer may be 
20 employed to deposit a number of spots in known locations 
on the bottom of a well to perform clinical tests on an 
analyte fluid. For instance, each spot in an array in 
the bottom of a well can be a known nucleotide probe. A 
sample added to the well will hybridize with spots with 
25 which the saii?>le matches. For instance a diagnostic test 
may en^jloy a 96 well plate to measure binding to as many 
as a hundred different probes printed in known locations 
in the bottom of each well. Different patients' samples 
may be placed in respective wells, to conduct many 
30 evaluations at once using a single raultiwell plate. 

Another use of the system is to deposit, at useful 
speeds, a statistically detemined number of molecules or 
units into a single well. Employing a suspension of 
suitable concentration in a supply ring with an 
35 appropriately sized pin, thrusting the pin down once per 
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well, statistically, can deposit the desired quantity, 
which then can interact with nutrient, experimental drug, 

etc. in the well. 

The concept of insertion is extended to include 

5 the deposit of particulates in suspension, for . example , 
to deposit cells and then afterwards, deposit a 
suspension of particles of asbestos or precipitated 
silica or other solids of interest, to investigate' 
effects of the particles upon the cells. These are 

10 examples of inexpensive, highly accurate, micro- 
controlled experiments that can be conducted at efficient 
speeds using the dedicated aliquot reservoir and deposit 
pin. 

In many important cases the fluid or liquid 
15 carrier of the deposited spot evaporates and the 

biological or other material carried in the fluid stays 
in place by adhesive or bonding properties of the dried 
material. In other cases, the spotting technique is 
useful to deposit fluid that remains in a fluid state, 
20 for instance, as mentioned, to deposit cells into wells 
with fluid nutrient medium that enables the cells to 
continue to live. 

In many cases it is important to know where a 
deposit is and that it will stay in the deposited 
25 position when covered by a common reagent. Steps can be 
taken to secure the deposit in position, for instance, 
with DNA, by exposing the deposit to UV radiation to 
crosslink the material or to use a derivatized surface 
that produces crosslinking between e.g. DNA and the 
30 surface on which it is deposited. An example is a 
silenated surface coated with E.S. arainosilene, to 
provide a positively charged surface which binds, by 
ionic or electrostatic forces, with negatively charged 
deposits such as DNA. 
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In addition to applicability in bioresearch and 
clinical diagnosis, the deposition system has 
applicability in the chemical laboratory, e^g. to analyze 
fluids, such as for water quality, or to experiment with 
5 resins, for instance polymerization reactions^ to conduct 
experiments in small quantities of many different 
varieties, e.g. to determine optimum ratios and optimum 
selection from a host of slightly varying examples. The 
range of usefulness is broad with application to small 
10 quantities, different temporal sequences, different 

kinetics of reaction, and different mixtures. In all of 
these cases, the system is a precise way of manipulating 
small amounts of liquid, solids in liquid suspension and 
cells in suspension, under controlled conditions. 
15 Deposition with the systems described leads to 

rapid and precise observations, reduction in the number 
of trials for a given esqperiment and improvement in the 
statistical significance of the data. Cost savings and 
improved experimental procedures can be realized. 
20 Quantification of results at accuracies heretofore 
\inknown may be attained by consistent and precise dot 
formation that enables improved signal -to -noise ratio in 
detection, when sensing the difference between, e.g., the 
fluorescence of a deposited spot and the immediately 
25 adjacent background surface of the sxibstrate. 

The system is useful in many environments due to 
the attributes of the deposit apparatus, and the 
techniques by which movement and control is effected. 
The following are further examples. 

30 The system is used to deposit dots of fluids of 

high volatility such as alcohol-based fluids, upon rigid 
substrates such as glass or silicon, upon membranes, etc. 
The relatively large mobile local reservoir ring that 
travels with the deposit pin to the deposit site presents 
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a relatively small exposed surf ace- to-mass ratio, which 
limits evaporation. Transport from that volume of the 
tiny sample on the tip of the pin. over a short local 
distance, limits exposure of the tiny sample to 
evaporating conditions until the dot of fluid. is 
deposited. 

Where desired, the operating deposit mechanism is 
shielded from windage by a protective shield mounted on 
the head. to move in X-Y directions with the deposit 
mechanism, to further limit evaporative loss. In another 
case, the environment in which the system operates is 
controlled, e.g. at high humidity, or high partial 
pressure of the volatile substance, to limit evaporative 
loss, or at particular controlled conditions, e.g. 
controlled ten?>erat\ire and humidity, to favor the 
deposition process or the operation of the system itself. 

Time-based sampling to evaluate chemical reactions 
or growth stages can be performed automatically without 
attendance of laboratory personnel. In one example, the 
fluid carrier ring through which the pin operates is 
ettployed as a reaction vessel from which samples of the 
continuing reaction are periodically taken by an 
associated deposit pin, and deposited for later 
inspection. 

In this or other examples, at prescribed time 
intervals, another pin moves through its ring to deposit 
an inhibiting reagent to halt the reaction or growth that 
is occurring at a respective location on a substrate. By 
doing this at timed intervals over different locations on 
) an array of identical reactions, a fixed array that 

represents the sequence of conditions at the various time 
intervals is preserved for later examination. 

In another method employing the deposit system, an 
etchant fluid is provided in a local reservoir ring. The 



wo 99/36760 



PCTAJS99/00736 



- 66 - 

pin of the deposit pin distributes the etchant in tiny, 
precise spots or microdots in a desired array across a 
reactive siibstrate surface. For instance, for forming 
micro-wells for containing fluid, the device deposits an 

5 acid such as hydrochloric acid in an array of small dots 
upon a silicon substrate. An etching reaction occurs, 
and the substrate is then neutralized and washed, to 
produce a corresponding array of small wells. Tliese may 
have advantageous hydrophilic, fluid-retaining surfaces 

10 as a result of the etching process. Following this, the 
same depositing system may be employed to deposit one or 
more substances precisely in registration with each of 
the wells for use in reaction or growth processes that 
are desired. Plates thus prepared may be transferred 

15 e.g. to a wide field scanning microscope for obse3rvation. 

Arrayers. as described can also be used for color 
printing of fabrics, paper etc., where the 96 well plate 
holds different color inks or dyes. The area to be 
printed is the entire reach of the gantry less the color 

20 source and washing station. 

The arrayer can be used to generate a single 
printed circuit board, e.g., prototype boards, or boards 
for limited volume production, where the machine is 
employed to deposit varnish or photoresist or other 

25 protective coating material to define the regions of the 
copper clad or other substance which need to be preserved 
from acid etching. Likewise the arrayer may be employed 
to deposit photoactive s\ibstance for production of 
"biological" deposits using lithographic techniques. 

30 E. Combination Arravina and Microscopic Analysis 

It is an inportant further feature of the 
invention to combine the arrayer of any of the presented 
embodiments, or its steps of action, or array products of 
its operation, with a scanning microscope, especially a 
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wide field scanning microscope such as available from 
applicant. The principles described here enable wide 
area arrays to be formed of very high density over the 
mentioned wide range of fluids and conditions, while wide 
5 area scanning microscopes enable commensurate accurate 
and inexpensive reading of the results achieved with such 
wide arrays. The wide area and precision capabilities of 
each system and method, in combination, complements the 
other to achieve an enabling, significant advance in 
10 microdot reaction and analysis. Use of an array of 
flurophor- tagged components, such as is employed in 
biotechnology, or flurophor- tagged contaminants, followed 
by reading with a suitable wide field scanning microscope 
that excites the flurophors is of particular advantage. 

15 F. Useful Additional Features 

In one embodiment, an inductive heater station is 
provided to which the deposit mechanism can travel under 
computer control. In this case the substance of the 
reservoir ring and the deposit pin, or at least the 
20 surface portions of these devices, are comprised of 
electrically conductive material capable of having 
electrical currents induced by an alternating field of 
the induction heater. Under conputer control, the 
reservoir ring and the pin are delivered for a momentary 
25 pause in the heater, for heating based on resistive (I^R) 
losses by the induced electrical currents, for instance 
to sterilize the reservoir ring and deposit pin or to 
stop bioactivity in the fluid material retained on the 
instruments . 

30 In another instance, a reservoir ring containing a 

charge of reactant fluid, which is desired to be heated, 
can be introduced to the inductive heater, and the fluid 
is heated by heat -transfer to the fluid from the 
inductively heated ring. Such heating can be employed to 
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initiate a reaction in the fluid, for subsequent deposit. 

Another system includes a delivery system for 
relatively larger quantities of fluid, e.g. to fill a 
micro-well with nutrient, diluent or reagent after 
5 deposit of a spot of the fluid of interest. The delivery 
system, such as a computer-controlled pipette, may be 
associated on the same head and X-Y carriage with the 
deposit pin, or in a separate head or carriage. By 
fxinctioning under computer control to deliver larger 

10 quantities of fluid to reaction sites where dots of fluid 
have previously been deposited, an entire experiment can 
be automated. Fluids which may be introduced in this way 
include, for instance, solvents, etchants, sterilizing 
agents, cleaning agents, encapsulating coating materials, 

15 etc. 

In another method the deposit pin is caused to 
deposit reagents at selected sites in differing amounts 
at differing locations, to effectively conduct titration, 
to observe a reaction at different concentrations of the 
20 reagent. Thus, at one reaction site (e.g. a flat area or 
a well on a substrate) the deposit pin may deposit one 
precise drop of reagent, at a second see two precisely 
identical drops of the reagent, at a third selected site 
three precisely identical drops of the reagent, and so 
25 on, to provide the full range of concentrations desired 
for evaluating reaction of the reagent with another 
substance that has been preapplied to the site or that is 
subsequently applied. 

While such systems are particularly well suited 
30 for laboratory experiments, they also can be employed in 
industrial process control. 

A variation of the spotter mechanism employs, in a 
fashion analogous to that of a modem milling machine, a 
set of interchangeable heads having different 



wo 99/36760 



PCT/US99/00730 



- 69 - 

capabilities. Under computer control, an X-Y carriage of 
the system is moved to select a desired head which is 
carried across the svibstrate to perform its function. In 
some instances the device selected may be a sub- reservoir 
5 ring from a set of such rings that have different 
internal diameter or are formed of different wire or 
ribbon sizes, or are of different sizes to enter 
different wells, etc. These provide a variety of ' 
carrying capacities for fluids of different viscosities 
10 or for use with deposit pins of different sizes. 

Likewise, different sizes of deposit pins can be selected 
from a set of pins to vary the size of the spot to be 
deposited. Heads can also be selected that provide other 
devices for preparing for or conducting experiments or 
15 for the production of reference or diagnostic well plates 
and slides. 

In some cases the selection and use of devices can 
be conducted under coraplete computer control to enable 
automatic performance of a multi-task experiment un- 
20 attended by the technician. 

In addition to depositing spots of fluid upon a 
standard microscope slide, and upon porous or soft 
membranes and other delicate substrates, it is possible 
and advantageous to deposit spots on siibstrates of 
25 significantly larger area and on other substances and on 
surfaces having special formations, for instance upon 
substrates having micro-cavities that have been formed by 
the instrument itself, by one of the techniques described 
above. Plates delivered with the micro-cavities 
30 preformed in the substrate may also be used, and aligned 
for deposit of fluid by automatic controls of the 
instrument, or the control system of the unit is 
advantageously provided with a vision system that "reads" 
the location and pattern of the array of micro-wells, and 
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adjusts itself automatically or under operator control to 
accurately deposit dots of fluid in wells. 



F. Conclusion 
In the various ways described, a large array of 
5 fluid deposit sites may be established and managed in a 
precise, repeatable manner that employs the same 
concentrations or reactions or precisely varied 
concentrations and reactions. This may be done to enable 
examination, to promote reaction or growth processes in 
10 biotechnology, life sciences, chemistry, pollution 

detection, process control and in industry in general. 

Thus, beyond an instrument for low- cost 
preparation of microscope slides and membranes for 
biotechnology research, there has been contributed a 
15 universal and widely variable set of systems, 

instruments, methods and products that can advance 
research and industry. 

Numerous other embodiments not described in detail 
here can apply the principles described to particular 
20 applications and are within the scope of the claims. 
What is claimed is: 



